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Abstract
Transforming growth factor-Bs (TGFBs) are candidate genes in the control of chicken
development and growth. It is very important to study the expression, regulation and
functions of these genes.
Microsatellites are ideal DNA markers for genetic linkage studies and genome mapping.
An increasing numbers of studies have demonstrated that they may also be involved in
DNA homologous recombination, gene regulation and genome rearrangement in vivo.
The [CAG/CTG]n triplets have an important role in transcriptional factors.
We have attempted to clone the 5' region of the chicken TGFB1 gene to facilitate a more
detailed analysis of the expression and developmental role of TGFBs. We have developed
a method for enriching microsatellites in chicken DNA libraries to facilitate the
generation of polymorphic markers and the identification of potential transcriptional
factors.
We have shown that chicken TGFB1 exists as an single copy gene with an upper size
limit of approximately 15 to 22 kb. However, screening of a lambda phage chicken
genomic library using both the TGFB1 cDNA and oligo probes failed to obtain chicken
TGFB1 clones.
Procedures were developed for the construction of specific microsatellite-enriched DNA
libraries. [CA/TG] n-enriched genomic DNA libraries were constructed using "genetic
marker selection" and DNA affinity hybridisation procedures; whereas [CA/TG] n- and
[CAG/CTG] n-enriched liver cDNA libraries were constructed by a DNA affinity
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hybridisation procedure. The frequency of positive clones in the DNA libraries
constructed ranged from 0.5% to 5% depending on the type of microsatellite repeat. An
enrichment of 50 fold over the classical small-insert DNA libraries has been achieved.
Microsatellite-positive clones from both the genomic DNA libraries and the cDNA
libraries were identified and characterised by sequencing. Microsatellite polymorphisms
were studied by polymerase chain reaction and are being mapped using the EAST
LANSING and COMPTON reference mapping crosses. A search of the non-redundant
databases using the available information of expressed sequences revealed chicken
homologues of human transcriptional factor, myocyte enhancer factor 2D (MEF2D) and
human Fragile X syndrome (FMR1) as well as a substantial number of new other genes.
The differential pattern of expression of the chicken MEF2D gene was examined in
different chicken tissues and at various ages. A ubiquitous distribution of chicken
MEF2D transcripts was revealed. Chromosome mapping and a study of the pattern of
expression of these genes is underway. Comparative mapping of closely related avian
species using microsatellite markers from chicken cDNA library is discussed.
The isolation of these microsatellites will facilitate the mapping of economically
important quantitative traits in chicken. The mapping of expressed sequences will help to
define candidate genes of these and other traits.
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1.1 Chicken Transforming Growth Factor-fi
Many genes are expressed coordinately and the proteins coded by these genes interact
with one another in the development of chicken muscle and skeleton. Genes that may
be involved include growth factors, hormones and their receptors, and transcriptional
factors. Transforming growth factor-Bs (TGFB) have been shown playing a crucial
role in the cellular proliferation and differentiation during chondrogenesis,
myogenesis, osteogenesis, hematopoiesis and adipogenesis (Jakowlew and Lechleider
et al., 1992). They are appropriate "candidate genes" for controlling growth rate in
chicken. We, therefore, are interested in studying the gene structure, expression and
regulation, and functions of TGFBs.
1.1.1 Main Functions ofTGFfi in vivo
The transforming growth factor beta peptides are a group of functionally distinct and
structurally related regulatory proteins. Results of in situ hybridisation and
immunohistochemical staining have shown ubiquitous expression of TGFB in both
embryo and adult tissues (Yang et al., 1990). Various biological functions have been
inferred from these patterns relating to the control of cell proliferation, cell adhesion
and cell phenotype (Massague, 1990). These are as summarised in Table 1.1.
1.1.2 TGFJ1 Genes and Peptides ofMammals
So far, in mammals three types of TGFB peptides have been identified, named
TGFB1, TGFB2 and TGFB3 (Derynck et al., 1987ab; Derynck et al., 1988; Kondaiah
et al., 1988). A novel type of TGFB (TGFB5) was identified in Xenopus laevis
(Kondaiah et al., 1990). However, it is not clear, as yet, whether this represents a new
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gene or an ancestral gene related to TGFB1/TGF63 (Burt and Paton, 1992). All these
peptides share a common precursor structure: a hydrophobic N-terminal signal
sequence, a pro-region and a C-terminal bioactive domain (see Figure 3.1). As far as
gene structure is concerned, all members of the family have a highly conserved exon-
intron structure: seven exons interrupted by six introns.
Table 1.1 Summary of the Major Functions of TGFBs
Type of Function Affected Cells/Tissues/Components
Cell proliferation (+/-) Epithelial, endothelial, fibroblast, neuronal, lymphoid and
hematopoietic cells
Cell Adhesion (+/-) Up regulates: extracellular matrix proteins, their receptors
(cell-cell interactions) and protease inhibitors; down regulates: proteolytic
enzymes
Cell phenotype (+/-) Adipocyte, myoblast, chondroblast, osteoblast, epithelial,
(differentiation) endothelial, hematopoietic cells, steriodogenic cells.
(+/-): positive or negative effects.
1.1.3 TGFJ1 Genes in Chicken
However in chicken, four distinct TGFBs (TGFB1-4) have been reported (Jakowlew et
al., 1988abc). In 1988, Jakowlew et al. apparently cloned the chicken homologue of
human TGFB1. Soon after publishing this chicken TGFB1 cDNA sequence,
experimental evidence both in and out of our lab (unpublished data) brought this
conclusion in doubt. First, the TGFB1 cDNA sequence showed 100% homology with
porcine TGFB1. For two species that diverged about 300 million years ago (Nei,
1987), this would seem to be highly unusual. Second, we used an oligo probe
designed using the published chicken TGFB1 cDNA sequence to screen a chicken
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genomic library but failed to obtain any positive clones. Furthermore, TGF82, 3 and 4
mRNAs, but not TGFB1 mRNA were detected in cultured chondrocytes and myocytes
(Jakowlew et al., 1990), and adipocytes (Burt et al., 1992) both by northern blotting
and RT-PCR.
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(B) Intron-exon structure of TGFB gene
Figure 1.1 TGFB Gene Family. (A) Schematic representation of
TGFB precursor; (B) Intron-exon structure of TGFB genes.
The chicken TGFB2 and TGFB3 sequences share the highly conserved precursor
structure with their mammalian homologues. But TGFB4 which has only been
identified in chicken has certain unique features. Unlike the previously described
TGFBs which are 390 to 414 amino acids long, the predicted precursor protein of
TGFB4 is only 304 amino acids, and does not appear to contain a signal peptide
sequence. In addition, it is the only TGFB to have an insertion of two amino acids near
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the N-terminus of the processed peptide which would results in a 114 amino acid
mature protein (Jakowlew et al., 1988a). Burt and Jakowlew re-examined the
nucleotide sequence of the chicken TGFB4 cDNA using the Taquenase system rather
than the Sequenase system originally used, and revealed six errors in the original
publication (Burt and Jakowlew, 1992). The revised cDNA sequence has a longer
reading frame and encodes a typical TGFB precursor. In contrast to the previously
published conclusions, it does encode a signal peptide and therefore, has the potential
for being a secreted peptide.
A review of these data suggested that the characterised chicken TGF64 may be the
chicken homologue of mammalian TGFB1. In order to test this hypothesis, Burt and
Paton (1992) calculated a molecular phylogeny of the transforming growth factor beta
gene family based on a comparison of cDNA sequences. The proposed phylogenetic
tree shows that the family evolved from a common ancestral gene. This model
suggests that the present TGFB gene family consists of four members: TGFB1,
TGFB2, TGFB3 and TGFB5. The southern hybridisation data in this study also
suggests that the proteins for mammalian TGFB1 and chicken TGFB4 are the products
of homologous rather than duplicated genes. These studies provided strong evidence
to support the hypothesis that there exist three types of TGFB genes or peptides in
chicken. It is now generally accepted that chicken TGFB4 is the homologous gene of
mammalian TGFB1. Throughout this chapter, this will be assumed and TGFB1 will be
used.
Based on these arguments, Burt (unpublished data) suggested that Jakowlew et al.
investigate the sequence of the published chicken TGFB1 cDNA. Enquiries revealed
that this sequence was in fact a porcine TGFB1 cDNA (Kondaiah et al, 1988),
possibly the result of a clone mixed-up.
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1.1.4 Differential expression ofTGFfis and Characterisation ofTGFfi Genes
Promoters
A large number of studies show that expression of the different isoforms of TGFB
vary from cell to cell. They are regulated differentially both in embryogenesis and in
adult tissues and also by a variety of growth factors and hormones including
epidermal growth factor, retinoic acid, dexamethasone, tamoxifen, phorbol esters and
the TGFBs themselves (Jakowlew and Lechleider et al., 1992; Glick et al., 1991;
Wakefield et al., 1990). To investigate this further, Roberts et al. (1991) cloned and
characterised the promoters for human TGFB1, 2 and 3 genes. Significant difference
have been found between these promoters, for example, whereas the TGFB1 promoter
has no TATAA box and is regulated principally by AP-1 sites, both TGFB2 and
TGFB3 promoters have TATAA boxes, AP-2 sites, and cAMP responsive elements. It
has been demonstrated that the basis for the differential expression of the human
TGFBs lies, in part, in the differences of the 5' flanking sequences of these genes.
In an attempt to study the differential expression and regulation of TGFB genes in
chicken, the promoter regions for chicken TGFB2 and TGFB3 have been cloned and
characterised (Burt et al., 1991; Jakowlew and Cubert et al., 1992). Whilst the
chicken TGFB2 and TGFB3 promoters show little sequence homology to each other,
they are structurally similar; like the human promoters, both contain TATA box, CRE
and AP-2 sequence motifs near the transcriptional initiation site. Sequence
comparisons between the chicken and human TGFB2 and TGFB3 promoters revealed
conserved sequences 111 bp conserved region in the TGFB2 promoters. An 86 bp
sequence surrounding the transcriptional start and a 156 bp sequence in the 5'
untranslated region are conserved in the TGFB3 promoter.
1.1.5 Methodology of TGFfi Studies
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There are a number of ways to perform studies on the functions of TGFBs. (1) Gene
cloning and promoter characterisation. This will facilitate further studies on the
expression and regulation of TGFBs through in vitro cell culture experiment or whole
animal experiment. However, the results from these studies are not direct evidence of
a role for TGFBs. (2) Gene knocking-out and transgenic studies. This will provide
direct evidence of the involvement of TGFBs in the in vivo biological process
investigated. However, it is technically difficult to generate transgenic chicken. (3)
Genetic linkage studies. To study the possible involvement of TGFBs in the
development and growth control in chicken, segregation of TGFB genes with
microsatellite markers used to map quantitative trait loci (QTL) can be followed in a
broiler-layer reference cross. This will lead to the proposal of "candidate genes",
possibly including TGFBs.
1.2 Molecular Biology ofMicrosatellites
1.2.1 Classification and Distribution of Tandem Repetitive DNA Sequences
The existence of repetitive sequences in eucaryotic genomes was discovered two
decades ago by DNA reassociation experiments (Britten and Kohne, 1968).
Eucaryotic repetitive sequences are classified into three types:
Satellite DNA is composed of very long blocks of highly repeated DNA, in which
simple sequences are repeated thousands of times. In many cases, these repeating
sequences have compositions unlike that of most of the genome and so are easily
separated by centrifuging slightly fragmented DNA in a caesium chloride density
gradient (Estoup et ai, 1993; Watson et al, 1987). Satellite DNAs are usually
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localised near the centromere or telomeres of a chromosome. The sequence is
characteristically long and the inter-repeat variability is high.
Minisatellites refer to sequences which are composed of tandem repeats of 9 to 64 bp
motifs and have a total length ranging from 0.1 to 7 kb (Estoup et al., 1993; Jeffreys
et al., 1985). They are also frequently located near the centromeric and telomeric
regions. Compared with satellite DNA, minisatellites are relatively short in length and
have a lower inter-repeat variability.
Microsatellites correspond to tandemly repeated motifs of 1 to 5 bp spanning a total
length usually less than 0.2 kb (Estoup et al., 1993; Rassmann et al., 1981; Tautz and
Renz, 1984). Inter-repeat variability is almost zero. In contrast with satellite and
minisatellite DNA, in situ hybridisation and genomic southern blotting show that
microsatellites are randomly distributed throughout the genome, but underrepresented
near the centromeric or telomeric regions (Wong et al., 1990; Hamada and Kakunaga,
1982; Hamada et al., 1982).
Of the three types of repetitive sequences described above, microsatellites have
attracted most attention recently because of their potential as highly polymorphic
genetic markers for genome mapping, their possible involvement in homologous
recombination and regulation of gene expression.
1.2.2 Evolution ofMicrosatellite Sequences
Base substitution, amplification, unequal sister chromatid exchange and natural
selection are the four processes that modify a string of nucleotides in sequence and
length (Wolfgang, 1989). In order to account for various structural features of
tandemly repeated DNA sequences, two mechanisms have been proposed for the
generation of tandem repetitive sequences: unequal crossing over (UCO) and slippage
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strand mispairing (SSM) (Smith, 1976; Levinson and Gutman, 1987). UCO and SSM
are two different mechanisms which either work alone or together. They have some
features in common. For example, they both can generate duplications and deletions
in DNA in a manner dependent on homologous base pairing. On the other hand, the
two mechanisms differ in that SSM is an intrahelical event, involving the two strands
of a single DNA duplex, whereas UCO is an interhelical event involving DNA
molecules from two different chromosomes or sister chromatids. This places special
constraints on UCO, since it can only take place during chromosome alignment in cell
division and will be dependent on such factors as the rate of chiasma formation. SSM
on the other hand, ought to be free of such constraints and could potentially occur
whenever unpaired loops form, during DNA repair as well as replication. SSM might
therefore be expected to be an inherently more frequent event (Levinson and Gutman,
1987).
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Figure 1.2 Unequal sister chromatid cross over (UCO). Heavy and light lines
indicate DNA strands which derive from the upper and lower strand of the
starting molecule, respectively; the points of crossover are indicated in the
starting sequence; the duplicated sequences are delineated by vertical bars in
the final molecules. (Smith, 1976).
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(1) Unequal Crossing Over (UCO)
Smith (1976) proposed that DNA whose sequence was not maintained by natural
selection ("neutral DNA") would exhibit tandem repetitive patterns as a result of
frequent unequal crossing over (UCO), if strand exchange in the recombination
process was assumed dependent on sequence similarity. Figure 1.2 shows the
generation of repetitive sequence through sister chromatid unequal cross-over.
Wolfgang and Cho (1994) compared the data on microsatellite, minisatellite and
satellite DNA with the results from their simulation study. It was found that the
properties of minisatellite and satellite DNAs resembled the simulated structures very
closely. This suggests that unequal crossing-over is indeed a dominant long-range
ordering force for the formation of these two types of repetitive sequences. However,
they found that the microsatellite data did not fit the sequence structures from
simulation using the proposed model, suggesting that UCO does not act on these short
tandem arrays, at least not as the dominant force.
(2) Slipped Strand Mispairing(SSM)
The structural characteristics of microsatellites are a simple repeat unit (1-5 bps) and
low inter-repeat variability. Such arrays appear to be too short for UCO which
involves two separate molecules. What then might be the mechanism by which
microsatellites were generated and evolved? To answer this question, Uevinson and
Gutman (1987) analysed different sources of naturally occurring simple repetitive
sequences, and proposed that slipped-strand mispairing (SSM) is the major
mechanism for the formation of microsatellite sequences.
SSM, as shown in Figure 1.3, involves local denaturation and displacement of the
strands of a DNA duplex followed by mispairing of complementary bases at the site
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of an existing short tandem repeat. The simplest consequences of this mispairing,
when followed by replication or repair, can lead to insertions or deletions of one or
several of the short repeat units. The consequences can thus provide a coherent
explanation for the origin and evolution of simple repetitive sequences in genomic
DNA. As Levinson and Gutman argued , SSM is much more likely to be the major
factor in the initial expansion of short repeated motifs. After initial expansion, simple
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Figure 1.3 Slipped-strand mispairing (SSM). (A) Slipped-strand
mispairing during DNA replication; (B) Slipped-strand mispairing of intact
chromosomal DNA
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Fornage and colleagues (1992) examined the allele frequency distribution of a
(TG)n(AG)m microsatellite in the Apolipoprotein C-ll gene. Valdes et al. (1993)
summarised available data on the allele frequencies at 108 microsatellite loci in
human populations. They compared the observed frequency distribution pattern to
those generated by a simulation of the so called "Stepwise Mutation" model, and
found that both were consistent with the results generated from the model under the
assumption that mutations cause an increase or decrease in repeat number by one. For
example, there was always one allele with intermediate size and highest distribution
frequency, although the distribution was quite irregular, showing bimodal, trimodal or
even quadrimodal distribution. According to the theory that the age of an allele was
proportional to its frequency (Fornage et al., 1992), this allele was likely to be the
ancestor. From this ancestor, the other alleles were generated through increasing or
decreasing one or several repeat units. The progressive and continuous decrease of the
frequencies from the oldest allele strongly supports the hypothesis that alleles were
derived from one another by SSM, a mechanism creating mutation of one single
repeat unit by deletion or insertion. However, from Fornage's examination of the
frequency distribution at (TG)n(AG)m loci, one can also see that UCO was acting to
some extent, since each of the three modes comprised one frequent allele and one very
rare allele adjacent in size. No alleles of intermediate size were found between the
first three modes.
(3) Other Possible Mechanisms
Roger (1983) proposed that some of the [CA/TG]n repeats in the genome might be
generated through a totally different mechanism. He observed that many of the repeat
blocks were flanked by terminal repeats of 6 to 8 base pairs. For example,
CCTAACTA TT(CT)29(CA)30(GA)4G CCTAACTA in the mouse immunoglobulin
C8H-C83 intron. Terminal repeats were taken as possible evidence of insertion at a
11
staggered break, in the manner of transposons. Therefore he proposed that some of the
[CA/TG] n repeats were inserted into certain sites of the genome. The most promising
source of these inserted [CA/TG]n fragments seems to be at the ends of chromosomes.
1.2.3 Possible Involvement ofMicrosatellites in In Vivo Molecular Process
[CA/TG]n and [CG/GC]n microsatellites have been shown to adopt a novel DNA
conformation, possibly left-handed Z DNA conformation, in negatively supercoiled
plasmids (Hamada and Kakunaga, 1982; Lancillotti et al., 1987; Nordheim and Rich,
1983ab; Kladde et al., 1994). In addition, using these DNAs on a chromotograph
matrix, various types of DNA binding proteins have been isolated (Fishel et al.,
1988). Recently, microsatellites have been found to be the target binding sites for a
number of nuclear proteins (Fishel et al., 1993). These studies have raised several
possibilities concerning the functions of microsatellites in vivo.
(I) Microsatellites and Homologous Recombination
Microsatellites could participate in or promote homologous recombination by two
possible mechanisms.
First, various types of microsatellites are evenly dispersed throughout the genome of
eucaryotic organisms. Such a distribution of a large number of simple sequence
tandem repeats would simply increase the likelihood that a pairing partner would
encounter a homologous sequence. Flomologous recombination would be facilitated
by the binding of a specific recombination enzyme. The recent electron microscope
observation by Gaillard and Strauss (1994) that [CA/TG]n sequences form a tetra-
stranded structure bound by nucleoprotein HMG1 and HMG2, supports this
hypothesis.
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Second, microsatellite sequences are potential Z-DNA forming sequences (Hamada
and Kakunaga, 1982; Nordheim and Rich, 1983ab; KLysik et al., 1981). The
formation of Z-DNA, on the one hand, would create a single-stranded region at the B-
Z border area by DNA unwinding; and on the other, facilitate the binding of specific
Z-DNA proteins. Therefore microsatellites are potential target sites for recombinatory
enzymes, such as Reel, in the genome. Recently, a human enzyme with strand
transferase activity was partially purified from the extracts of T lymphoblast by Z-
DNA affinity chromotography (Fishel et al., 1988). The ability to isolate such a
protein strongly implies that Z-DNA is involved in genetic recombination in
mammalian cells.
Evidence to date suggests that microsatellites can promote homologous
recombination. Most evidence comes from the examination of in vivo DNA exchange,
gene duplication and other molecular events. For example, [CA/TG]n microsatellites
have been shown to be involved in gene duplication events at the human a-globin
(Proufoot and Maniatis, 1980), (3-globin (Treco et al., 1985; Treco and Arnheim,
1986), immunoglobulin-IgA Ch (Flanagan et al., 1984) and human fetal globin loci
(Slightom et al., 1980). A [CAGG] tetra-nucleotide repeat was associated with the
high recombination frequency within the EB gene at the MHC locus (Streinmetz et al.,
1986). The most convincing evidence comes from the fusion-function assays with
simian virus 40 (SV40). Both synthetic and genomic [CA/TG]n repetitive sequences
have been introduced into SY40. The results of these studies demonstrated that
microsatellites may promote homologous recombination (Stringer, 1985; Bullock et
al., 1986; Bernues et al., 1991; Murphy and Stringer, 1986 Wahls et al., 1990). Based
on these results, microsatellite sites in the genome are recognised as potential 'hot
spots' of genetic recombination.
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The dispersion of large numbers of microsatellites in eucaryotic genomes and the
possibility that microsatellites can promote homologous recombination suggest they
have a role to play in genome evolution. Gross and Garrard (1986) revealed that
[CA/TG]n microsatellites were not detectable in the genomes of Eubacteria,
Archaebacteria and Mitochondria. These results suggest that such repetitive sequences
may play a role in packaging and DNA condensation in eucaryotic chromosome
(Stallings et al., 1991). Considering the high abundance of microsatellites in
eucaryotic genomes and their possible involvement in homologous recombination, it
seems likely that they may play a role in eucaryotic genome rearrangements.
(2) Microsatellites and Transcriptional Regulation of Genes
Evidence supporting the involvement of microsatellites in transcriptional regulation
comes from sequence examination of transcriptional enhancers. Microsatellites are
present within the regulatory region of simian virus (SV40) (Ondek et al., 1988). Now
microsatellite sequences have been found in the regulatory regions of a number of
cloned genes, for example, the downstream of the joining region (JH-Cjl) in mouse
immunoglobulin heavy chain genes (Gillies et al., 1983; Banerji et al., 1983); the 5'
flanking region of the human metallothionein-IIA gene (Karin et al., 1984) and the
upstream region of the rat oc-tropomysin gene (Herrera et al., 1990).
Hamada et al. (1984) introduced both synthetic and genomic poly[CA/TG] tracts into
a plasmid vector and investigated the effect of these microsatellites on transcription
control by monitoring CAT activity. It was found that a poly[CA/TG] element
increased CAT gene expression about 10 times over controls. Very recently, Wang et
al. (1994) showed that the [CTG]n triplet repeat in the myotonic dystrophy gene
preferentially facilitated nucleosome formation when expanded to a certain threshold.
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These results support the idea that microsatellites may be involved in transcriptional
regulation.
1.3 Microsatellites and Genome Mapping
1.3.1 Why Do We Need a Gene Map ?
There are several major driving forces behind the development of a gene map, a linear
display of gene order.
(1) Map-based positional cloning of genes: Higher eucaryotic genomes contain tens of
thousands of genes, for example, the human genome has been estimated to have
60,000 to 70,000 genes (Weber, 1994). Without knowledge of its chromosome
location, a gene can only be identified and cloned based on its biochemical activity
("function-based cloning"). For instance, expression cloning was used in cloning a rat
gene that stimulates dibasic and neutral amino acid transport (Wells and Hediger,
1992). However, detailed knowledge of the number and arrangement of genes in the
genome will facilitate "map-based cloning" which does not depend on any knowledge
of function at the biochemical level. Map-based cloning of a gene is achieved by
locating molecular markers closely linked to the locus.
(2) Comparative gene mapping: A comparison of the maps across different species
will provide knowledge on chromosome evolution and facilitate the search for
candidate genes affecting a biological phenotype. For example, the common ancestor
of all mammals appeared about 80 million years ago (Ralph, 1991). During this
period, the arrangement and number of chromosomes have changed by processes such
as chromosome translocations, insertions/deletions and fusions. However, the
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arrangement of genes on some chromosome are often identical among different
species. This is more common for species that share a recent ancestor, e.g. cattle and
sheep. Historically, gene mapping in human and mouse has been more detailed and
systematic than in other species. Comparing gene maps of the poorly-mapped species
with these map-rich species can lead to the proposal of candidate genes within an
homologous chromosome region, which may fit a mapped biological trait.
(3) Genetic analysis of polygenic or quantitative traits: Phenotypic variation of a large
number of physiological and economic traits, such as milk production, egg production
and growth rate, are determined by a relatively large number of genes known as
"quantitative trait loci" or QTL. The observed phenotype is also influenced by a wide
variety of environmental factors. These make a classical Mendelian genetic analysis
of such traits very difficult. This has led to the development of the "biometrical"
approach to study QTL. However, biometrical analysis does not provide direct
information as to the number of QTL, their individual effects, their dominance and
epistatic relationships, or their pleiotripic effects on other traits. The inability to
directly follow the inheritance of individual QTL limits the rate of genetic
improvement by selection, particularly when dealing with traits showing low
heritability, sex-limited or late developmental expression, or that are difficult to
evaluate in live animals. From specific line crosses, marker-trait linkages can be
detected, and genes or chromosome regions affecting quantitative traits can be
identified (Anderson etal., 1994).
1.3.2 Types ofMaps and Mapping Methods
Two types of genetic maps have been assembled in both human and livestock species:
(1) physical and (2) genetic linkage or recombination map. A physical map is based
on the physical assignment of genes onto individual chromosomes using cytogenetic
16
methods or by ordering large-insert clones (e.g. yeast artificial chromosome, YAC). A
genetic linkage map is based on the frequency of meiotic exchange among
polymorphic markers in sexual crosses (O'Brien, 1993; Tuggle et al., 1994). The
methods used to develop genetic maps are shown in Table 1.2.
Table 1.2 Types of genetic maps and mapping tools
Types of Map Method Used to Develop the Map
Somatic cell hybridisation
Physical Map In situ hybridisation
Ordering YACs
Restriction fragment length polymorphism analysis (RFLP)
DNA fingerprinting analysis using minisatellite (VNTR)
Linkage Map Microsatellite polymorphism analysis (MS)
Random amplified polymorphic DNA analysis (RAPD)
Single-stranded conformation polymorphism analysis (SSCP)
For technical reasons, gene assignment in the chicken depends far less on somatic cell
and in situ hybridisation, and far more on meiotic mapping approaches than gene
assignment in human and other mammals. (1) The complex nature of the chicken
karyotype (38 pairs of autosomes, Z and W sex-chromosomes in each diploid cell)
and the fact that the chicken genome has a number of microchromosomes (30 pairs)
make the chromosomes difficult to distinguish by classical cytogenetic techniques
(Levin et al., 1994). (2) Somatic cell hybrids are not widely available in chicken.
Nevertheless, 35 genes have been assigned to chicken macrochromosomes and 20
genes to microchromosomes by in situ hybridisation (Burt et al., personal
communication). (3) The design and analysis of a chicken backcross is also a simple
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task and large numbers of backcross progeny are available for genetic linkage
analysis.
1.3.3 DNA markers
To construct a linkage map, polymorphic markers are needed. For the past decades,
linkage mapping in poultry has relied on physiological markers, such as feather
colour, comb shape, isozymes and immunological markers (Levin et al., 1994).
Recently, advances in DNA technology has led to the development of DNA-based
markers.
(1) Advantages ofmolecular or DNA-based markers
DNA markers offer several advantages over physiological markers (Tuggle et al.,
1994):
1) DNA markers based on DNA variation are usually codominant meaning that each
allele can be detected. This allows the unambiguous determination of genotypes,
since both homozygous classes and heterozygous animals can be distinguished.
2) DNA marker technology is both rapid and reliable.
3) There is high genetic variation at the DNA level, which can be detected with a
number of techniques.
4) DNA tests can be performed very early in the life of the animal, even at the
embryonic stage. Thus genetic testing and subsequent selection decisions can be
taken before significant investment is made in an individual animal, even for
quantitative traits which are expressed late in life or in the future progeny of the
animal.
(2) Comparison ofvarious types ofgenetic markers
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Several types of DNA markers have been developed. A comparison of their
advantages and disadvantages is given in Table 1.3.
Table 1.3 Comparison of different types of genetic markers used in genome mapping
Marker Advantages Disadvantages
RFLP -Does not require sequence
information
-Large gene regions can be
analysed
-Slow (filter hybridisation)
-Uses large amounts of DNA
-Labour and materials costs
high




-Dominant marker only, so
some genetic information can be
lost
-Require hybridisation
MS -Rapid, no hybridisations
-Most polymorphic of all
currently used markers





-Variability not likely to be
biologically relevant
-High cost
RAPD -Rapid, no hybridisations
-Low cost analysis
-Simple laboratory analysis
-Dominant marker only, some
information can be lost
-Sensitive to PCR conditions,
reproducibility low
SSCP -Rapid, no hybridisations
-Analysis is very sensitive
-Requires gene sequence
information
RFLP: restriction fragment length polymorphism; VNTR: variable number of tandem
repeats; MS: microsatellite; RAPD: random amplification polymorphism of DNA;
SSCP: single stranded conformation polymorphism.
1.3.4 Status ofLinkage Mapping in Farm Animals
Construction of a genetic map in animals began in 1913 (Sturtevent, 1913). In fact,
the chicken was the first vertebrate species to be studied (Hutt and Lamoreux, 1940).
However the idea of mapping complex genomes (human and livestock) using DNA-
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based markers started in the mid 1980s. Now genetic maps exist for more than 30
species (O'Brien, 1993). A summary of the current status is given in Table 1.4.




Mapped Loci Linkage Groups
Cattle 30 450 29
Sheep 27 140 21
Pig 19 600 19
Chicken 38 461 32*, 36**
Mouse 20 2800 20
Human 23 6552 24
* In the East Lansing linkage map; ** in the Compton linkage map.
The chicken has a number of advantages for construction of a linkage map (Bumstead
and Palyga, 1992): (1) the genome is small relative to other domestic species (see
Table 1.2); (2) the production of progeny is high; (3) it is possible to prepare good
quality DNA in large quantity from small volumes of blood, since the red blood cells
are nucleated.
The earliest chicken linkage map was constructed by Hutt and Lamoreux (Hutt and
Lamoreux, 1940). In 1992, a preliminary linkage map of the chicken was produced
consisting of 100 RFLP mapped on 18 linkage groups (Bumstead and Palyga, 1992).
During the last two years, there has been dramatic progress in producing the chicken
genetic linkage map. Two internationally recognised mapping crosses, the East
Lansing mapping cross (Crittendem et al., 1992) and the Compton mapping cross
(Bumstead and Palyga, 1992) have been set up. Several laboratories are developing
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microsatellite markers for chicken genome mapping. A review of the genetic markers
in the current chicken linkage map is given in Table 1.5.
Table 1.5 Linkage markers and linkage groups of the current chicken genetic linkage
map (Burt, unpublished data)





Classical 10 2 2 10
CR1 47 0 0 47
EST 5 24 4 25
EVL 7 31 0 38
Genes 37 35 10 62
Genes/Microsatellites 37 35 10 62
Microsatellites 39 26 15 50
Minisatellites 33 25 16 42
Random Clones 22 100 18 104
RAPD 68 0 0 68
Total 282 247 68 461
Linkage Group 32 36 50
Notes: CR1, chicken repeat 1; EST, expressed sequence tag; EVL, Endogenous viral
loci; RAPD, random amplified polymorphic DNA.
Microsatellites have been extensively used in the development of dense genetic maps
in human, mouse, porcine, cattle and other domestic farm animals. A summary of the
microsatellite-based genetic linkage maps of human and major domestic animals is
given in Table 1.6.
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Table 1.6 Progress of linkage maps using microsatellites (Weissenbach et al., 1992;
Rohrer et al., 1994; Bishop et al., 1994; Dietrich et al., 1992).
Species Microsatellite Haploid Linkage Groups
Loci Numbers
Human 814 23 23
Pig 376 19 24
Cattle 292 30 30
Chicken 50 38 31
Mouse 317 20 20
An international collaboration is being coordinated to develop a genetic linkage map
of the chicken based on microsatellites and other DNA markers. The aim is to use
microsatellite markers to scan the entire genome for genes that control quantitative
traits (QTLs). This will demand a large number of microsatellite markers.
1.4 Aims of the Thesis
The aims of the work described in this thesis are as follows:
1) Molecular cloning of chicken TGF81 gene to facilitate the study of TGFB1 gene
expression regulation
2) Developing a method for enriching microsatellite clones in DNA libraries. This
will facilitate the efficient isolation and characterisation of large numbers of
microsatellites from the chicken genome.
3) Isolating and characterising microsatellite clones from the genomic and cDNA
libraries. The large numbers of microsatellite markers obtained will facilitate





2.1.1 Chicken Genomic Library
Two chicken genomic libraries of different resources were used in the isolation of
chicken transforming growth factor beta 1 (TGFB1) genomic clones. Library I was
constructed and maintained in our laboratory by cloning size-selected Sau3A partial
digested fragments into the BamHI site of phage lambda EMBL3. The average size of
the inserts was 15 kb. Library II was purchased from Strategene. This was constructed
by cloning Sau3A partial digested 10 day old male White Leghorn DNA into the
Xhol site of Lambda Fix II vector. The insert size was 9-22 kb.
2.1.2 Bacterial Host Strains
Strain Source Genotype
NM621 Working Laboratory recD1009 thy+Pl transductant of SB204 (White et
al„ 1988)
C600 Working Laboratory e14(mcrA),supE44,thi-l,thr-l,leuB6,laeYl,tonA21
(Appleyard, 1954)
CJ 236 Bio-Rad dut-1 ,ung-1 ,thi-1 ,relA1 ,pcJ105 (cmr)
NM522 Working Laboratory (hsd-mcrB)A5supE(lac-pro)A/F'pro+lacI0 lacZ
M15 (Gough and Murray, 1983)
DH5a Working Laboratory F-cp80dlacZM15D (lacZYA-argF)U169end A1 reel
hsdl7(rK-mK+)deoR thi-1 supE44Z-gyrA96re 1A1
XLl-Blue Strategene recA 1 ,endA 1 ,gyrA96,thi-1 ,hsdR 17,supE44
2.1.3 Antibiotics
All anti-biotics were dissolved in distilled water (unless indicated), sterilised by
filtration, and stored in aliquots at -20°C.
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2.1.4 Chicken TGF-fll Specific cDNA Probes
Chicken TGFB1 cDNA (in pUC19) was kindly provided by Professor J.M.Connor
(Department of Medical Genetics, University of Glasgow). The cDNA was double-
digested with BamHl and PflMI. Restricted fragments were separated on 1% 'LMP'
agarose gel. All restriction fragments were the anticipated size. cDNA probes were
then prepared by fragment preparation (M&M 2.2.12): Probe 1: 230 bp, PflMI-
BamHI, nucleotide 49-277; Probe 2: 690 bp, BamHI-BamHI, nucleotide 277-965;
Probe 3: 918 bp, PflMI-BamHI, nucleotide 49-965.
2.2 Methods
2.2.1 Generation ofDNA probes
Radiolabelling of Synthetic Oligonucleotide: Synthetic oligonucleotides were
phosphorylated at the 5' terminus by transfer of 32P from [y32P]ATP using standard
methods. 50 pmol of synthetic oligonucleotides was mixed with 5 x kinase buffer, 10
pi; liquid [y32P]ATP (specific activity=5,000 Ci/mmol), 5-10 pi at the concentration
of 10 mCi/ml; T4 polynucleotide kinase, 20 units. dH20 was added to 50 pi. The
labelling reaction was carried out by incubating at 37°C for 45 to 60 minutes. The
24
reaction was stopped by adding 0.5 M EDTA, 2 jj.1 followed by one round of PCI
extraction and ethanol precipitation with linear polyacrylamide as a DNA carrier. The
pellet was washed once with 70% ethanol, dried under vacuum at room temperature
and resuspended in 200 j_tl of TE buffer. Then 2 fll of the labelled probe was spotted
on a Whatman filter, dried down at 65°C for 5 to 10 minutes, the specific activity was
counted in a scintillation counter using a scintillation vial containing the filter and 5
ml of scintillation buffer.
Radiolabelling of Double-stranded DNA Fragment: 50-100 ng of DNA fragment
was mixed with 32 pi dH^O, boiled for 5-7 minutes to denature, and immediately
chilled on ice. Then the following reagents were added in the stated order: OLB
buffer, 10 pi; bovine serum albumen (10 mg/ml), 2 pi; [a32P] dCTP, 5 pi; Klenow
Fragment, 5 units. The mixture was incubated at room temperature for 2-4 hours or
overnight. The reaction mostly took place in the first 3-12 hours. The reaction was
then stopped by mixing with 2 pi of 0.5 M EDTA and 48 pi of dP^O. The labelled
probe was recovered by ethanol precipitation and subsequently washed with 70%
ethanol. After drying down under vacuum at room temperature, the pellet was
resuspended in 200 pi TE buffer, from which 2 pi was removed and spotted on a
Whatman filter for counting and calculation of the specific activity. The probe was
boiled for 7-10 minutes to denature before adding to the hybridisation mixture.
2.2.2 Isolation ofGenomic Clones
Preparation of plating cells (Sambrook, Fritsch and Maniatis, 1989): A single
bacterial colony was placed into 100 ml L. Broth containing 10 mM MgS04 and
incubated at 37 °C with moderate shaking for 2 to 3 hours until the OD550 of the
culture reached 0.5 (about 2.5 x 108 cells/ml). Cells were pelleted and resuspended in
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50 ml of 10 mM MgS04 at 37°C for 45 minutes with moderate agitation. The plating
cell suspension was stored at 4°C and used within 2 weeks.
Screening of genomic DNA library (Sambrook, Fritsch and Maniatis, 1989): For
106 phages, we distributed 20,000 phages per plate and a total of 50 plates.
Recombinant phages were infected into 200 p.1 NM621 competent cells at 37°C for 20
minutes and plated onto a L-agar plate (90 mm size). These plates were incubated at
37°C for 6-8 hours until the plaques just make contact with one another. Plates were
then chilled at 4°C O/N to harden the top agarose. A replica of the plaques was
obtained by gently laying a nitrocellulose filter onto the surface of the Top agarose for
30-60 seconds. The filters were peeled off and dried at room temperature for 1 hour.
Phage particles were denatured by immersing the filters (DNA side up) into
denaturing solution (0.5 M NaOH, 1.5 M NaCI) for 30-60 seconds, followed by
immersing into neutralising solution (1.5 M NaCI, 0.5 M Tris-HCI, [pH 7.4]) for 1
minute and finally rinsing in 2 x SSC. The DNA was irreversibly bound to the filter
by baking at 80°C under vacuum for 2 hours. The filters containing immobilised DNA
were prehybridised overnight at 37°C in prehybridisation buffer (see section 2.2.6)
containing poly A, poly C, denatured SS DNA and 7JDNA at final concentrations of
10 jag, 10 jig, 100 fig and 1 jig per ml respectively. The poly A, poly C, SS DNA and
^.DNA were boiled for 5 minutes before adding to the prehybridisation buffer. Phage
DNAs were then hybridised with a 32P labelled probe (106 cpm/ml) in hybridisation
buffer at 37°C for 48 hours. After hybridisation the filters were rinsed in 2 x SSC
twice at room temperature and then washed twice in 2 x SSC, 0.1% SDS for 30
minutes each at room temperature, followed by two times in 0.5 x SSC, 0.1% SDS at
55°C for 15 minutes each. Filters were dried at room temperature and
autoradiographed O/N at -70°C. Positive plaques were picked using a glass tube and
resuspended in 1 ml of phage buffer containing a drop of chloroform.
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2.2.3 Phage Stock Preparation
Plate lysate stock: A healthy pure positive plaque was picked and resuspended in 1
ml of phage buffer containing 1 drop of chloroform, which yields a titre of 106())/ml.
0.1 ml of the suspension (105 pfu) was mixed with 0.2 ml of freshly prepared C600
cells; incubate in 37°C-water bath 20 minutes for adsorption. Then 3 ml of BBL top
agarose was added and the total mixture was poured onto a moist fresh L-agar/agarose
plate. The infected cells were grown up for 6-8 hours at 37°C until the plaques
touched one another. The phages were harvested in 3 ml phage buffer and shaking at
4°C for several hours. 0.1 ml chloroform was added and mixed with the lysate. Cells
and debris were removed from the plate lysate by centrifugation.
Liquid lysate stock: 10 ml overnight-culture of C600 cells was combined with 200
ml L-broth containing 10 mM MgCl2 in a 2-litre flask and incubated at 37°C with
vigorous shaking (180 rpm) for 1-2 hours until ODgoo reached 0.5 (2xl08 cell / ml).
Phages from the plate lysate was added at M.O.I = 1.0 (4 x 1010 phages), and
incubation was continued for 3 hours. 0.5 ml of chloroform was added and the culture
was shaked for another 10 minutes. The liquid lysate was harvested by pelleting the
cells/debris and titred for phage concentration.
2.2.4 Phage DNA Preparation
Rapid mini-preparation: 1.5 ml of phage stock from liquid lysate was centrifuged at
13,000 g for 5 minutes to remove bacterial debris, and treated with RNase A (final
concentration = 50 pg/ml) for 30 minutes at 37°C. 1.2 ml of the supernatant was then
centrifuged at 75 K in a Beckman TL100 ultra-centrifuge for 30 minutes. The pellet
was dissolved by vortex in 100 jll GuHCl solution (6 M GuHCl, 1% sarkosyl, 25 mM
EDTA pH 8.0, 0.5 M ammonium acetate). Proteinase K was then added to final
concentration of 1 jag/pd and the solution was incubated for 2 hours at 50°C. The
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phage DNA was precipitated with one volume of isopropanol, washed with 70%
ethanol and dissolved in 30 |ll of TE. The resuspension was further treated with 120
units of pre-boiled (20 minutes) RNase Tl, which made it essentially free from RNA.
Ammonium acetate was added to a final concentration of 2.5 M and the RNA-free
DNA was isopropanol precipitated as above, and resuspended in 25 pi TE.
Large scale preparation: DNase I/RNase I was added to a final concentration of 1
pg/ml to the phage stock obtained from liquid lysate and incubated for 30 minutes at
room temperature. NaCl was added at 40 g/litre and the mixture was ice-bathed for 1
hour. Cell debris was then pelleted and removed by centrifuging at 10 K for 15
minutes at 4°C. To pellet the phage particles, PEG-8000 (polyethylene glycol, MW
8000) was added to 10% (W/V); The mixture was left at 4°C in stationary overnight
or longer, followed by centrifuging at 5 K for 15 minutes at 4°C. Meanwhile CsCl
centrifuge block gradient was set in a ultra-clear centrifuge tube. Following
centrifuging, the pellet was dissolved in 1 ml of phage buffer which was then loaded
on top of the CsCl block gradient. The DNA was extracted from the ultra-centrifuge
tube using a needle. The remaining CsCl salts, RNAs and proteins were removed
through dialysis at 4°C in TE buffer and treatment with RNase A (final
concentration=10 p,g/ml), and Pronase (final concentration^ p,g/ml) respectively.
After dialysis in 0.1 M NaCl/1 mM EDTA and 0.002% triton X-100 at 37°C
overnight, phage DNA was extracted twice with two volumes of phenol, and finally
dialysed against TE buffer at 4°C overnight. DNA concentration and relative purity
was determined by measuring OD260 and OD280- The standard formula used for
measuring DNA concentration was |ig ofDNA=50 x dilution x OD260.
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2.2.5 Polymerase Chain Reaction
Reactions were carried out in a total volume of 50 pi containing 50 mM KC1, 10 mM
Tris-HCl (pH 8.3), 1.5 mM MgCl2, 0.01% (w/v) gelatin, 0.1% (v/v) Triton X-100,
200 pM of each dNTP, 50 pmol of each primer, and 0.5 units of Taq DNA
polymerase (Promega). Evaporation within the tube was prevented by the addition of
30 pi of mineral oil overlay. The reaction mixture was subjected to 25-30 cycles of 1
min at 94°C, 2 mins at 45°-60°C, and 3 mins at 72°C followed by a final extension of
10 mins at 72°C.
2.2.6 DNA Blotting and Probing
Vacuum blotting: DNA was digested (0.5-1.0 pg/digest) with a series of restriction
endonucleases, electrophoresed in 1.0% agarose gel. After electrophoresis, the gels
were treated twice, 15 minutes each time in the order of fractionating buffer (0.25 M
HC1), denaturing buffer (0.5 M NaOH/1.5 M NaCl) and neutralising buffer (1 M
NH4AC/O.O2 M NaOH). The final round of neutralising buffer was used as
transferring buffer. The depurinated and denatured DNAs were transferred onto
Zetabind membrane (Bio-Rad) under vacuum (40-50 cm.H20) for about 30 to 60
minutes. The Zetabind membrane was then treated for 10 minutes on 0.4 M NaOH-
soaked filter pad and rinsed in 2 x SSC before air drying. DNA was irreversibly
bound to the membrane by baking at 80°C for two hours. Prehybridisation was
performed for 15-30 minutes. Then high specific activity [32P]-labelled probe was
added, hybridisation was performed for 4-12 hours depending on probe. Following
hybridisation, the membrane was rinsed in 2 x SSC at room temperature; washed in 2
x SSC/0.1% SDS twice, 30 minutes each at 55°C; and finally washed in 0.5-1 x
SSC/0.1% SDS once at 55°C for 15 minutes. Filters were dried at room temperature
and autoradiographed.
29
Capillary blotting: DNA was digested with restriction endonucleases and
electrophoresed in 5% acrylamide gel (0.8 mm). After electrophoresis, the acrylamide
gel was treated for 30 minutes with denaturing buffer and neutralising buffer
respectively, and subsequently released from the gel plate onto a filter paper. The gel
was cut into appropriate size and placed on top of the sponge which was soaked fully
in neutralising buffer. The gel was covered with Zetabind membrane, on which bunch
of tissue paper was placed. The denatured DNA in the acrylamide gel would be
transferred onto the Zetabind membrane by capillary reaction by leaving overnight
with certain amount of pressure evenly applied on the top of the gel. After blotting,
the membrane was treated, prehybridisation and hybridisation were performed as
described previously in vacuum blotting.
2.2.7 Subcloning
Plasmid or Ml3 DNA was cleaved with restriction enzymes. The reaction mixture
was PCI, CI extracted, precipitated in dP^O and treated with Calf Intestine
Phosphorylase (CIP). Meanwhile, foreign DNA was digested with corresponding
enzymes, PCI and CI extracted and precipitated in dP^O. The cleaved vector and
foreign DNA were ligated together by incubating at 4°-16°C for 8 to 12 hours. After
ligation, the reaction mixture was heated at 65 °C for 5 minutes to denature the
enzyme, followed by PCI and CI extraction.
2.2.8 Transformation
Heat shock protocol: 10 ml of SOB medium was inoculated with a single E. coli
colony from a freshly restreaked L-agar plate and incubated at 37°C with shaking over
night. The small culture was transfered into a flask containing 100 ml of L-broth, and
cultured at 37°C with moderate agitation until cell density reached 4-7 x 107 viable
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cells/ml (OD6oo=0.5). The cells were pelleted by centrifugation at 2000-3000 rpm for
15 minutes at 4°C. The cells were resuspended by moderate vortexing in a volume of
RF1 that was 1/3 of the volume collected. The cells were incubated on ice for 15
minutes to 2 hours and pelleted as before. The pelleted cells were resuspend in RF2 to
1/12.5 of the original volume, and incubated on ice for 15 minutes. 100 pi of the cell
suspension was aliquoted to separate tube. DNA solution in a volume of 2-10 pi was
added and mixed. The DNA/cell mixture was incubated on ice for 1 hour and
subsequently heat shocked by placing the tube in a 42°C water bath for 90 seconds
and immediately returned to ice for 20 minutes. 400 pi of SOC medium was added
and incubated at 37°C with moderate agitation for 30 minutes to 1 hour. 100 pi was
spreaded on X-gal-Ampicillin-L-agar plate. The plates were incubated overnight at
37°C.
Electroporation: E. coli cells were grown as described previously until OD600
reached 0.5-0.8. The culture was chilled on ice for 15 minutes, then centrifuged at
2000-3000 rpm for 15 minutes at 4°C. The cells were washed for three times in
sterilised and ice-chilled 10% glycerol solution, and finally resuspended in 150-200 pi
of the same solution. 60 pi of the cell suspension was removed to a microfuge tube,
DNA was added in a volume of 5 pi. The DNA and cells were mixed well by
pippeting and left on ice for 1 minute. The mixture was then transferred into an
electroporate cuvette . Immediately after electroporation, 1 ml of SOC medium which
has been equilibrated to room temperature was added. The mixture was transfered into
a plastic tube and incubated at 37°C with vigorous shaking for 1 hour. Finally, 10-20
pi was spreaded on X-gal-ampicillin-agar plate.
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2.2.9 Plasmid DNA preparation
Mini-preparation: (Qiawell-8 Plasmid DNA Purification Kit): 5 ml of L-broth
containing ampicillin (50 pg/ml) was inoculated with a single colony, and grown over
night at 37°C with vigorous shaking. The cells were harvested by spinning at 2000-
3000 rpm for 15 minutes and resuspended in 300 pi of PI buffer. 300 pi of P2 buffer
was added and mixed gently by inverting the tube 4-6 times by hand to avoid shearing
of chromosome DNA, and incubated at room temperature for 5 minutes. 300 pi of
chilled buffer P3 was added and mixed gently as in the previous step, and incubated
on ice for 10 minutes. Cell debris and E. coli chromosome DNA was then removed by
centrifuging for 15 minutes at maximum speed (13,000 rpm). The recovered
supernatant was applied to a Qiawell-8 strip and allowed to enter the membrane disk.
The Qiawell-8 strip was washed three times with 1 ml of buffer QC. The DNA was
eluted out with 0.5 ml of buffer QF and precipitated by adding 0.7 volume of
isopropanol and immediately spinning for 30 minutes at room temperature.
Plasmid Midi-Maxi preparation: This protocol is designed for 30-150 ml (midi-
prep) or 150-500 ml (Maxi-prep) culture of E. coli cells. After centrifugation, the cell
pellet was resuspended in 4 or 10 ml of buffer PI. A volume of 4 or 10 ml of buffer
P2 was added and mixed gently and incubated at room temperature for 5 minutes.
Then 4 or 10 ml of buffer P3 was added and mixed immediately but gently and
centrifuge at full speed for 30 minutes at 4°C. Remove supernatant promptly, and
centrifuged again for 10 minutes to obtain a particle-free lysate. A Qiagen tip-100 or
500 was equilibrated with 3 or 10 ml of buffer QBT. The supernatant was applied to
the Qiagen tip and allowed to enter the resin by gravity. The Qiagen tip-100 or 500
was washed with 2 x 5 ml or 3 x 10 ml of buffer QC. DNA was eluted with 5 or 15 ml
of buffer QF, precipitated and washed as described previously.
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2.2.10 DNA Sequencing and Sequence Analysis
Single-stranded DNA Sequencing: To generate single-stranded DNA template,
DNA of interest was cloned into M13 vector and transfected into a male E. coli host,
NM522. Recombinant plaques were picked using a sterilised toothpick to infect 2 ml
of diluted NM522 cells which was incubated at 37°C for 7-8 hours. Single-stranded
DNA was prepared by denaturing phages with and subsequent removal of CATB.
Both Sequenase and Taq polymerase systems were used in the sequencing reaction.
For each template, 1 pi of primer, 2 pi of reaction buffer and 10 pi of DNA
(approximately 1 |lg or 0.5 pmol of DNA) in dE^O or 1/10 diluted TE were
combined. The mixture was heated to 70°C for 2 minutes, then allowed to cool slowly
to room temperature in 70°C-water bath, over a period of 30 minutes. After annealing
was complete, the tube was placed on ice. To the annealed primer-template, 2 pi of
labelling mixture, 0.5 pi of [a35S]dATP, 2 pi of diluted Taq DNA polymerase were
mixed thoroughly and incubated for 5 minutes at 45°C. Meanwhile, 4 pi of each
termination mix was placed into 4 tubes labelled G, A, T and C. As soon as the
labelling reaction was completed, 4 |il of the labelling mix was aliquoted to each of
the four termination mixes and incubated in a 70°C water bath for 5 minutes. The
sequencing reaction was stopped by adding 4 pi of stop solution. Just before loading
on a sequencing gel, the samples were heated to 70°C for 5 minutes to denature DNA.
Double-stranded DNA Sequencing: About 3-5 pg of plasmid DNA was linearized
by digestion with appropriate endonuclease in a volume of 20 pi. 4 pi was checked on
a mini-gel and the remaining was PCI extracted. The DNA pellet was resuspended in
17.6 pi of 1/10 diluted TE. 4.4 pi of sequenase reaction buffer was added to a total
volume of 22 pi. The double-stranded DNA was converted into single-stranded DNA
by incubating with 0.5 pi T7 gene 6 exonuclease for 30 minutes at 37°C. The enzyme
was inactivated by heating for 10 minutes at 70°C. 4 pi was checked on a mini-gel.
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Then 9 pi was removed to 1 |ll of primer. The primer/DNA mixture was heated to
65°C for 2 minutes, cooled down to room temperature in 65°C-water bath and placed
on ice after annealing was completed, lpl of DTT, 2 pi of diluted labelling mix, 0.5
pi of [a35S]dATP and 2 pi of diluted sequenase were added and mixed thoroughly.
The mixture was incubated for 2-5 minutes at room temperature. 2.5 pi each
termination mix was placed into 4 tubes labelled T, C, G, and A. As soon as the
labelling reaction is completed, 3.5 pi of the labelling mix was aliquoted into each of
the four labelled tube, spun down to mix and incubated at 37°C for 3-5 minutes. The
reactions were terminated by adding 4 pi of stop solution.
2.2.11 Preparation ofGenomic DNA from Blood
100 pi of chicken blood was mixed with 300 pi of reagent A (10 mM Tris, 320 mM
Sucrose, 5 mM MgCl2, 1% Triton X-100, adjusted to pH 8.0) for 5 minutes at room
temperature. The mixture was then centrifuged at 1300 g for 5 minutes. The pellet
was gently resuspend in 1 ml of reagent B (400 mM Tris, pH 8.0; 60 mM EDTA; 150
mM NaCl; 1% SDS, added after autoclaving). Then 1 pi RNase solution was added
and incubated at 37°C for 30 minutes. 250 pi of sodium perchlorate was added and
shaken at 37°C for 15 minutes. The tube was incubated in a 65°C water bath for 25
minutes shaking occasionally. 300 pi of chloroform which had been stored at -20°C
was added and mixed well by inversion for 2 minutes. The sample was centrifuged at
full speed in a microfuge for 5 minutes. Then 800 pi of the upper, DNA bearing,
phase was removed to a fresh tube. 0.8 volume of isopropanol was added to
precipitate the DNA. The DNA was recovered by spinning for 5 minutes. The pellet
was washed with 1 ml 70% ethanol, dried briefly and resuspended in 500 pi ofTE.
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2.2.12 DNA Fragment Preparation
DNA was digested to completion with appropriate restriction endonuclease and PCI
extracted. Fragments of different sizes were separated by running on 1% low-melting
agarose gel. Gel slices were cut and weighed in a 15 ml tube. QB buffer was added to
a volume of 5 ml/g gel. The tube was placed in a 65°C water bath for 10 minutes to
melt gel. The solution was transferred to a new tube containing 2 g/g gel of urea,
mixed by inverting the tube several times and placed in 37°C water bath until urea
was dissolved. Meanwhile, a Qiagen tip-5 column was equilibrated with 1 ml QBT.
The sample was run onto the column. The column was washed with 6 x 1ml QB
buffer. DNA was eluted out with 800 pi of QF buffer, precipitated and washed as
described previously.
2.2.13 Extraction ofmRNA from Tissue
B-Mercaptoethanol, 41 pi and GTC extraction buffer [4 M guanidine thiocyanate/25
mM sodium citrate (pH7.1)], 1 ml were added into a 15 ml sterile tube. The tube
containing the buffer was weighed. Working as quickly as possible, chicken liver was
extracted and placed into a mortar and pestle. Liquid nitrogen was added and the liver
tissue was homogenised by grinding until no visible fragments remained. The
homogenised tissue was transferred into the tube containing extraction buffer, and
mixed thoroughly by inversion. The tube containing the tissue in extraction buffer
was weighed. The tissue mass was calculated by subtracting the weight obtained
previously from the new weight. Referring to the standard chart, the amount of
biotinylated oligo dT necessary for the tissue mass was determined. 2 ml of the pre¬
heated dilution buffer was removed to a sterile tube and mixed with 41 p,l of 6-
mercaptoethanol. The mixed solution was added to the homogenate and mixed
thoroughly by inversion. Appropriate amouts of biotinylated oligo dT determined was
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added and mixed well by shaking. The mixture was incubated at 70°C for five
minutes. The homogenate was then transferred to a clean sterile tube and centrifuged
at 12,000 g for ten minutes at room temperature. During centrifugation, the SA-PMPs
were resuspended by gently rocking the bottle. Appropriate amounts of pre-washed
particles was added to the homogenate and mixed by inversion. The homogenate/SA-
PMP mixture was incubated at room temperature for two minutes. The SA-PMPs
were captured using the magnetic stand in the horizontal position until the
homogenate clears. The particles were resuspended in 1 ml 0.5 x SSC and transfered
to a clean tube. The washing was repeated twice. After the final wash, appropriate
volume of nuclease-free water was added and the particles were magnetically
captured. The mRNA was pelleted by adding 0.1 volume of 3 M sodium acetate and 1
volume of isopropanol and incubating at -20°C overnight followed by centrifuging.
The pellet was washed with 70% ethanol. The concentration and purity of the mRNA
were determined by measuring OD260 an<3 OD280-
2.2.14 cDNA Synthesis
To a sterile RNase-free tube, oligo d[T]25 primers and the mRNA sample (use 0.5 pig
primer/fig mRNA) was added in a total volume of 15 pil. The mixture was heated to
70°C for five minutes and cooled down to room temperature. Then the following
components was added: 5 x first strand buffer, RNase inhibitor, 40 mM sodium
pyrophosphate, AMV reverse transcriptase and dP^O. The reaction was carried out at
42°C for one hour. After incubation, the tube was placed on ice. The following
components were added to the first strand reaction mixture: 10 x second strand buffer,
E.coli DNA polymerase I, E.coli RNase H and dP^O to the optimal volume. The
mixture was incubated at 14°C for two hours. 0.1 volume of 200 mM EDTA, was
added and the mixture was heated at 70°C for ten minutes. Then the reaction mixture
was extracted by PCI and CI, and precipitated in TE or water.
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2.2.15 Genetic Marker Selection
Size-selected DNA was ligated into Smal digested and dephosphorylated pTZ
phagemid vector. The ligation mixture was treated with restriction enzyme Smal.
Then recombinant DNA was transformed into E. coli CJ236 cell by electroporation.
About 105 colonies were plated out onto ten plates (150 x 15 mm) containing
ampicillin (100 jag/ml; LB-Amp) and incubated at 37°C overnight. 10 mis of 2 x YT
with ampicillin (100 |lg/ml) was added to the surface of each plate. The plates were
rotated gently at 37°C for two hours, after which the resulting cell suspensions were
collected. The plates were rinsed with 10 mis of 2 x YT and the aliquots were
combined. The cells were pelleted and washed once with 10 ml 2 x YT. Then 10 ml
of LB-Amp was inoculated with 50 to 100 pi of the above cell mix and grown to
saturation at 37°C. Then 50 ml of 2 x YT with ampicillin (100 pg/ml) and
chloramphenicol (15 pg/ml) was inoculated with 0.5 to 1 ml of the saturated cell
culture and incubated at 37°C until OD600 about 0.3, i.e. 1 x 107 CFU/ml. Helper
phages, M13K07 were added to M.O.I=20 (i.e. 20 phages/cell). Incubation was
continued at 37 °C for one hour. Then kanamycin was added to a final concentration of
70 pg/ml. Incubation was continued at 37°C overnight. Cell debris and bacterial
chromosome DNA was removed by spinning the culture at 12 K for five minutes. The
supernatant was transferred to a fresh tube and recentrifuged. At this point, the
phagemid titre was checked by transfecting CJ236 cells. The second supernatant was
transferred to a fresh tube. The phagemid solution was incubated with 150 pg RNase
at room temperature for 30 minutes. Then 1/4 volume 3.5 M ammonium acetate/20%
PEG-8000 was added, mixed well and incubated on ice for 30 minutes. Phagemids
were collected by centrifugation at 12K rpm for 15 minutes and resuspended in 200 pi
high salt buffer (300 mM NaCl, 100 mM Tris, pH8.0 and 1 mM EDTA), chilled on
ice for 30 minutes. Insolubles were removed by centrifuging for 2 minutes. The
supernatant was transferred to a fresh tube. The entire 200 pi phagemid stock was
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extracted twice with equal volume of neutralised phenol, once with PCI, several times
with CI until no visible interface was seen. The aqueous phases were pooled together,
and 0.1 volume of 7.8 M ammonium acetate and 2.5 volume of ethanol were added.
The mixture was placed at -70°C for more than thirty minutes followed by
centrifuging at 4°C for 15 minutes. The pellet was washed with 90% ethanol. The
pellete was resuspended in 20 pi TE, and treated with Exonuclease III (Promega).
Primer extension reactions were carried out by combining 0.1-0.3 pg of DNA, 1-2
pmols of 5'-phosphorylated [CA])5 or [CCT] io primers, 10 x Taq buffer (Promega), 1
pi; and 200 pM each dNTP in a final volume of 100 pi. Samples were heated to 94°C
for 10 minutes and then cooled to 75 °C. Five units of Taq polymerase (Promega) were
then added to each sample and the mixture was incubated for an additional 30 minutes
at 75°C. The reactions were terminated by extraction with one volume of PCI,
followed by extraction with two volumes of CI and ethanol precipitated with 20 pg of
glycogen, 0.3 M sodium acetate and 3 volumes of ethanol. The precipitates were
resuspended in 9 pi of dILO, 1 pi of 10 x ligase buffer and incubated with T4 DNA
ligase at 37 °C for 1 hour. The ligation mixture was PCI and CI extracted and ethanol
precipitated in 10 pi dE^O. The ligation mixture was transformed by electroporation
into XL 1-Blue cells. These transformants were referred to as the genetic marker-
selected library.
2.2.16 DNA Affinity Hybridization and Capture
Preparation of Lone Linker: 1.5 nmoles of each of the two oligonucleotides (5'
GAGATATTAGAATTCTACTC 3'; 5' GAGTAGAATTCTAATAT 3') was mixed
in a volume of 38 pi. The mixed oligonucleotides were heated at 90°C for two
minutes and quickly placed on ice. Then 10 pi of 5 x kinase buffer, 20 units of
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polynucleotide kinase was added and the mixture was incubated at 37°C for one hour.
The enzyme was inactivated by heating to 70°C for five minutes, followed by slowly
cooling to room temperature in water bath.
Ligation of Lone Linker: The lone linkers were ligated to size-selected DNAs by
incubating at 18°C overnight in a total volume of 20 pi containing 5 pmoles of DNA,
30 pmoles of lone-linkers, 2 pi of 10 x Ligase buffer and 200 units of T4 DNA ligase.
After the ligation reaction, the enzyme was inactivated by heating to 70°C for five
minutes. The mixture was PCI and CI extracted, and precipitated in an appropriate
volume of water giving concentration about 1 to 2 ng/pl.
Subtractive-Hybridisation: The linker-attached DNA was amplified by PCR in a
total volume of 100 pi containing DNA, 1-2 ng; 200 pM each dNTPs; 10 x Taq
buffer, 10 pi; Taq, 2.5 units and primers (5' GAGATATTAGAATTCTACTC 3'),
100 pmoles. The cycling conditions used were 1 minute at 94°C, 2 minutes at 55°C, 3
minutes at 72°C, 30 cycles followed by 10 minutes at 72°C. Excess PCR primers were
later removed from the reaction mixture by passing through a Microcon-100 filter
(Promega). The DNA concentration was checked by measuring OD260 and running
samples on a gel.
The DNA affinity hybridisation was carried out by combining 2 pg of DNA, 2 pi of 5
M NaCl; 1 pi of 10% SDS; 1 pi of 1 M Tris-HCl pH8.0; 0.5 pi of 0.2 M EDTA, and
dH20 to 100 pi. The mixture was heated to 95°C for five minutes, followed by adding
375 ng biotinylated primers [CA]i5 or [CAGJio, and continued at 95°C for one
minute. Then the mixture was transferred to 70°C for ten minutes and placed
immediately on ice. Pre-washed streptavidin coated magnetic beads (Promega) were
added in a volume of 30 pi, and the total volume was adjusted to 200 pi by adding the
following together: 5 M NaCl, 4 pi; 10% SDS, 2 pi; 1 M Tris-HCl (pH8.0), 2 pi; 0.2
M EDTA, 1 pi and dH20, 60 pi. The mixture was incubated at room temperature for
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one hour on a rotary mixer and washed five times with 200 jllI wash buffer A [0.1 M
NaCl/0.1% SDS/10 mM Tris-HCl (pH8.0)/l mM EDTA(pH8.0)] at room
temperature, once at 70°C. Washed twice with buffer B [0.1 M NaCl/10 mM Tris-
HCl(pH8.0)/l mM EDTA(pH8.0)] at 70°C. Bound DNA was eluted with three rounds
of 100 pi buffer C (0.1 M NaCl/0.1 N NaOH). The eluted DNA was precipitated and
resuspended in 10 pi dtEO.
The selected DNA was PCR amplified as described previously. The PCR products
were treated at 37°C for 30 minutes, 68 °C for 10 minutes in a reaction containing 5
mM EDTA(pE18.0), 1 mM Tris-HCl, 0.5% SDS and 5-10 pg of Proteinase K. After
PCI and CI extraction, the precipitated DNA was digested overnight with restriction
enzyme EcoRl to create ends for cloning. The EcoRI digested DNA was then cloned
into pBluescript (+). The ligation mixture was transformed into XL1-Blue cells. The
transformants were referred to as the DNA affinity hybridisation selected library.
2.2.17 Bacterial Colony Hybridisation
About 150 to 300 recombinant colonies were plated onto L-Agar-ampicillin plates
and incubated overnight at 37°C. Plates were air-dried for 30 minutes at room
temperature. A replica was made by placing a High-Bond membrane on top of each of
the plates for 30 to 60 seconds and peeled off gently. The replica was put on 2 x
SSC/5% SDS buffer-soaked filter paper for 1 to 2 minutes, then bacterial colonies
were denatured by microwaving at full scale for two minutes. The membrane was
prehybridised at 37°-48°C for 30 minutes in prehybridisation buffer (20%
Formamide/0.25 M NaH2PO4(pH7.2)/0.25 M NaCI/1% SDS/1 mM EDTA) and
hybridised 4-5 hours in the same buffer but with 32P-labelled probes.
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2.2.18 Cycle Sequencing Using 373 Automated DNA Sequencer
The sequencing reaction pre-mixture was made by adding the following components
in the order shown: 5 x TACs buffer, 4 pi; dNTPs, 1 pi; each of the DyeDeoxy™
terminator, 1 pi and Taq polymerase (ABI), 0.5 jllI (2.5 units). The sequencing
reaction mixture was prepared by adding the following components in a 0.5 ml
microcentrifuge tube: pre-mixture, 9.5 jllI; primer (3.2 pmol/pl), 1 jll; DNA (0.25
pg/pl), 4 pi; and dT^O, 5 pi. The cycle conditions used were as follows: 94°C, 30
seconds; 55°C, 1 minutes; 64°C, 4 minutes; 25 cycles. After sequencing reaction, the
reaction mixture was purified using the QIAquick-spin DTR Kit for dye terminator
removal. The DNA was precipitated with 20 pi of 3 M NaAC (pH5.1) and 550 pi
96% ethanol, and resuspended in 5 pi of loading buffer (1 pi 50 mM EDTA in 5 pi




Molecular Cloning of Chicken
Transforming Growth Factor ill
3.1 Introduction
Based on the structural conservation of the TGF62 and TGF83 promoters among
different species, and the differences between the human TGFB2/TGFB3 promoters
and the human TGF61 promoter, we would predict that the chicken TGF61 promoter
would be similarly unique. The cloning and characterisation of the 5' region of the
chicken TGFB1 gene will (1) facilitate the study of TGF81 gene regulation; (2) allow
a comparison of the mammalian and chicken TGF81 promoters, which would
highlight conserved regions that might be important for TGF81 promoter function.
Therefore we screened chicken genomic libraries to isolate genomic clones that
contain the 5' region of chicken TGF81. We found that although the chicken TGF81
gene exists as a single copy gene in the chicken genome, it is, however, not
represented in the chicken genomic libraries used. Possible causes of this
phenomenon are discussed.
3.2 Genomic BlotAnalysis ofChicken TGFfil Gene
Chicken genomic DNA (10 ptg) was digested with the restriction enzymes BamHI,
Bgll, EcoRI, Hindlll, Kpnl, Sail, Smal, Sstl and Xhol. Restriction fragments were
separated on a 1% agarose gel and blotted onto Hybond membrane. The blot was
probed with a [a32P]dCTP labeled chicken TGF81 full length cDNA (1400 bp). As
shown in Figure 3.1, a single fragment with the approximate size of 15-22 kb was
seen in the Xhol-digested genomic DNA. This suggests that the TGF81 gene exists as
a single copy gene in the chicken genome with an upper size limit of approximately
15 to 22 kb. The size of the exon-spanning region of this gene is therefore very
similar to that of TGF83 (15.6 kb) (Dey, 1991). Comparison of the restriction map of
the TGF83 gene and the crude restriction map of the TGF81 drawn from the genomic
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blotting (see Figure 3.2) has ruled out the possibility of TGF81-TGF83 cross-
hybridisation.
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Figure 3.1 Genomic southern blot analysis of chicken TGF81 gene.
The blot was probed with [a32p] dCTP TGF81 cDNA. Hybridisation
and subsequent washing were carried out as described in M&M
2.2.6. From left to right: BamHI, Bgll, EcoRI, Hindlll, Kpnl, Sail,
Smal, SstI, Xhol.
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Figure 3.2 Comparison of partial restriction map of the chicken
TGF83 and TGF81. Solid or open box/bar: exons; circle:
undetermined exon; arrow: restriction site; Z: Xhol.
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3.3 Screening Chicken Genomic Library
Three TGFB1-specific synthetic oligonucleotide probes (I: 5'TGGTCTCCATGGGG
ATCCGCCGCAGCTCTTTGG 3'; II: 5' GCGCCGAGCTGAGGATGCTGCGGC
AAAAGGCGG 3' and III: 5' TCCAATATGGTGGTCCGTGCCTGCAAGTGCAGC
3'), and a cDNA probe (nucleotides 49-277) were used to screen a White Leghorn
chicken genomic library (library I). A total of 2 x 106 phage plaques were screened
with each probe. Six, five and four positive plaques were identified for oligo probes I,
II and III respectively, together with two positives for the cDNA probe. DNA from
these positive clones was subsequently subjected to restriction digestion with either
Hindlll or Smal. Based on the restriction patterns, we were able to classify these
exon-specific positive clones into several groups, as shown Figure 3.3.
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Figure 3.3 Clones obtained from screening of chicken genomic
library. Shaded rectangle: exon region; lines connected by shaded bar:
overlapping clones.
Subsequently, DNA from each positive clone was digested with a series of restriction
enzymes: BamHI, Bgll, EcoRI, Hindlll, Kpnl, Sail, Smal, Sstl and Xhol\
electrophoresed on 1% agarose gel with X DNA markers. The sizes of the restriction
fragments were calculated from the relative migration ability with the known size
markers. Then crude restriction maps were determined. Following electrophoresis,
gels were blotted to nylon membrane filter, and probed with [y32p]ATP or
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[a32p]dCTP labeled oligo or cDNA probes. Weak hybridisation was found for oligo I
specific clones (i.e. 1.1, 1.2, 1.3, 1.4, 1.5 and 1.6) and oligo II specific clones (i.e. 2.1,
2.2, 2.3, 2.4, and 2.5). Strong hybridisation was revealed for oligo III specific clones
(i.e. 3.1, 3.2, 3.3 and 3.4). The filters were stripped and probed with [a32p]dCTP
labeled full length TGFB1 cDNA probe. As shown in Figure 3.4, clone 3.3 and 3.4
showed strong hybridisation to TGF61 whole cDNA probe, whereas clone 3.1 and
3.2, which showed hybridisation to oligo probe III, did not hybridise with this TGFB1
cDNA.
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Figure 3.4 Southern blot analysis of genomic clones. (A) Probed
with oligo probe III; (B) Probed with TGFB1 whole cDNA probe.
Genomic clones 3.1 and 3.3 were chosen for further studies. The positive bands
identified by Southern hybridisation were subcloned. Recombinant plasmid DNAs
were digested with the restriction enzymes, Sau3A and Pstl. Refined restriction maps
were determined. Finally the positive fragments were subcloned into M13mpl8
vectors. DNA sequences were generated using the Sequenase and Taquenase systems
(USB). The nucleotide sequence information was subjected to a FASTA search of the
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EMBL database. Figure 3.5 showed that across a 300 bp sequence of clone 3.3, there
exists a 99% identity with the 3' coding region of chicken TGF63 cDNA. Therefore
genomic clones 3.3 and 3.4 were derived from chicken TGFB3 genomic fragments.
However, no homology was obtained with the sequences in the database using the
sequence of clone 3.1.
To summarise, a chicken genomic library was screened with a chicken TGFB1 cDNA
probe, and chicken TGFB1 specific oligonucleotide probes. A number of overlapping
clones were obtained. However, further characterisation of these clones demonstrated
that they were not chicken TGFB1 genomic fragments. Two overlapping clones (3.3,
3.4) obtained from the library screening with oligonucleotide probe III have been
shown to be chicken TGFB3 genomic fragments.
1731 CCTGCAGGAGGGAAAACCTTCGTAATTCTTCAGGCCAGTCGGGCGGGCAG
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Figure 3.5 Sequence alignment of clone 3.3 (lower) and chicken
TGF83 cDNA upper). Sequence comparison was carried out using
the BESTFIT program of the GCG package.
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3.4 Conclusions and Discussion
The chicken TGFB1 gene exists as a single copy with an upper size limit of
approximately 15 to 22 kb. However, screening of a lambda phage chicken genomic
library using both cDNA and oligonucleotide probes failed to obtain any chicken
TGFB1 clones. A few possibilities might contribute to this phenomenon.
1) Low probe specificity
First, all the synthetic oligo probes used were 30 to 33 bp long. The specificity of
these probes may be low. Second, Burt et al have shown that TGFB1 and TGFB3 are
more related to each other than to TGFB2 (Burt and Paton, 1992). A comparison of
their cDNA sequences revealed that the 3' region of the two genes were highly
homologous. The oligonucleotide probe III is localised within this homologous
region. Therefore oligonucleotide probe III may pick up TGFB3 genomic clones from
the chicken genomic library. Third, the TGFB1 cDNA was very GC-rich. The average
GC content in the TGFB1 cDNA was 66%, while the 5' coding region has a GC
content over 70%. Additionally, several sites within the cDNA include stretches of
poly-[C] or poly-[G], This unusual GC content may cause the formation of stable
secondary structures and would be one aspect contributing to the low specificity of
the probe.
2) Absence of TGFfil genomic fragments in the chicken genomic library
Palazzolo (1991) pointed out that some regions of the genome are not represented in
genomic libraries because of the relative difficulty of cloning certain genomic
regions. Generally in a three-hit library, almost 5% of the genomic sequences would
be uncloned; in a four-hit library about 2% and in a five-hit about 1%. Additionally,
high GC-content sequences together with its methylated state would make the passage
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of replication forks difficult during phage or plasmid replication (Hansen, 1993).
Furthermore, the first chicken genomic library used was an amplified Lambda
EMBL3 phage library. For these reasons, DNA fragments with high GC content such
as TGFB1 might not be replicated in phage, or might be replicated very poorly and
therefore may have been lost during library amplification. An alternative explanation
may be due to the formation of stable secondary structures, with the consequence that
sequences may not be amplified at all. Support for this view comes from attempts to
PCR regions of the TGFB1 gene. It was found that two reverse primers (21-mer)
which are 60 bp apart from each other in the TGFB1 5' coding region showed
significantly different PCR efficiencies with a common forward primer. The longer
PCR product which contained a stretch of poly-[C/G]32 could only be amplified using
deaza dCTP which helps to overcome the problems associated with sequences with
high GC content and ability to form stable secondary structures.
To check the representativeness of the library, another chicken genomic library
(Strategene) was screened using the chicken TGFB1 cDNA probe. As a positive
control, chicken ornithine decarboxylase (ODC) cDNA probe was used to screen for
chicken ODC genomic clones. A total of eight positive ODC clones, whereas no
TGFB1 positive clone were obtained. This result indicated that TGFB1 genomic
fragments were not represented in these chicken genomic libraries regardless of their




Enriched Genomic Library by
Genetic Marker Selection
4.1 Introduction
"Hybridisation screening" protocols have been used successfully in isolating
microsatellites from human and other mammalian genomes (Dietrich et al., 1992;
Weissenbach et al., 1992; Rohrer et al., 1994). The chicken genome is estimated to
contain 104 [CA/TG]n microsatellites. This is approximately 10-fold less than that of
the human genome (Spada et al., 1991; Koide et al., 1994). Consequently, a random
small-insert chicken genomic library with an average insert size of 300-500 bp would
be expected to have a frequency of [CA/TG]n repeats of less than 0.2%. This makes
the hybridisation screening method inefficient in isolating microsatellites from the
chicken genome. Furthermore, this approach does not allow intensive concentration
on a single region and becomes progressively less efficient as saturation is
approached. Therefore it is desirable to develop a method for enriching microsatellites
in chicken genomic libraries. In an initial attempt to develop such a method, a
"genetic marker selection" method was adapted (Ostrander et al., 1992). Using this
method, a 12-fold and 8-fold enrichment of microsatellites were obtained in
[CA/TG]n and [CCT/AGG]n selected genomic libraries.
4.2 General Frequency ofMicrosatellites in the EMBL Database
The EMBL database was searched for various types of di-, tri- and tetra-nucleotide
tandem repeat-containing sequences using the PATTERN/SEARCH program of the
GCG package. The repeats for pattern-searching were restricted to 20 bp or longer.
The results of this search are shown in Figure 4.1.
Previous studies (Beckman and Weber, 1992; Moran, 1993) along with the results of
this database search showed that [CA]n and [CCT]n are most frequent. Therefore two
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synthetic oligonucleotides, [CA]i5 and [CCT] 10 were synthesised and used in genetic
marker selection.
Type of repeat
Figure 4.1 General frequency of simple sequence
repeats in the EMBL database. The type of repeat
was plotted against the number of entries.
4.3 Enrichment ofMicrosatellites by Genetic Marker Selection
The procedure is shown in Figure 4.2. Chicken genomic DNA was digested to
completion with restriction enzymes Rsal and Haelll . Restricted DNA was size
selected (approx. 150-500 bp) on 1% low melting point agarose gel and subsequently
cloned into the Smal site of the phagemid vector, pTZ19U.
The ligation mixture was subjected to restriction digestion with Smal. Recombinant
molecules have lost the Smal cloning site and remain circular. The circular
recombinant molecules transform E. coli cells at much higher frequency than the
linearized vectors. This reduced the background of non-recombinant colonies. The
ligation mixture was transformed into E.coli strain, CJ236 which carries dut and ung
mutations. When DNA is synthesised in a dut ung double mutant bacterium, the
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nascent DNA carries a number of uracils substituted for thymine as a result of the dut
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Figure 4.2 Construction of microsatellite-enriched genomic DNA
library by genetic marker selection. U: uracil; solid box:
microsatellite primer.
in high intracellular levels of dUTP. The ung mutation inactivates uracil N-
glycosylase, which allows the incorporated uracil to remain in the DNA (Ostrander et
al., 1992).
Following the method described in section 2.2.15 of Materials and Methods, uracil -
rich single-stranded phagemid was harvested. The phagemid stock obtained was
estimated to contain 4 x 10" pfu/ml by transfection of CJ236 cells. The single-
stranded DNA was extracted and subjected to exonuclease III (Promega) digestion to
remove any linear DNA molecules remaining in the single stranded circular DNA
templates. This was necessary to prevent such linear molecules acting as random
primers during primer extension reaction.
Microsatellite oligonucleotides [CA]i5 or [CCTJio were phosporylated at the 5' end
and annealed to the single-stranded DNA template. The single stranded template was
then converted into a double stranded circular DNA molecule in vitro using Taq
DNA polymerase and the microsatellite oligonucleotide as a primer (M&M 2.2.15).
The extended DNA was transformed into XLl-Blue cells by electroporation (M&M
2.2.8). Since XL 1-blue contains wild type dut and ung genes, any DNA strands
which have incorporated uracil will be destroyed by the ung enzyme. In principal,
only those DNA strands resulting from primer extension will survive to replicate in
XL 1-blue cells. These DNAs should contain microsatellite sequences. This procedure
should therefore provide an enriched pool of plasmids containing the target
microsatellite sequence.
4.4 Enrichment ofMicrosatellite Clones in the Selected Libraries
The marker-selected small insert genomic libraries were screened using the method
described (M&M 2.2.17) with [y32p] ATP labeled microsatellite oligonucleotide
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probes. Positive clones were identified by autoradiography. As shown in Figure 4.3,
when comparable numbers of colonies were screened, positives were only detected in
the marker-selected genomic library. No signal was detected in the unselected control
library. This result indicated that, through the procedure of marker selection, the
proportion of microsatellite-containing clones had been increased.
Figure 4.3 Enrichment of [CA/TG] n-containing clones in genomic
DNA libraries. Libraries were constructed using the marker-selection
protocol, Three hundred clones were screened with [y32P] ATP
labeled [CA]i5. (A) unenriched; (B) [CA/TG]n-enriched.
The percentage of positive clones in the marker-selected genomic library was
calculated and is listed in Table 4.1
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Table 4.1 Comparison of numbers of positive clones in the marker-selected and non-












Theoretically a higher proportion of the colonies in the marker selected libraries
should contain the selected microsatellite. However, in practice, only a small
proportion of the colonies screened (0.5 to 1.5%) were positive depending on the
specific microsatellite oligo used. The percentage of positive clones in our [CA] 15-
selected library, 1.5%, is quite close to that reported by Cheng et al. (Cheng and
Crittenden, 1993) with chicken genomic DNA using marker selection. However, this
figure is much lower than that obtained with mammalian genomic DNA, where as
many as 50% of the clones were reported to be positive in the marker-selected library
(Ostrander et al., 1992). The "background" negative clones might be generated in
three possible ways.
1) Contamination by double-stranded phagemid DNA;
2) Random priming by short, linear DNA molecules remaining in the single-stranded
template DNA (e.g. E.coli chromosome DNA and RNA etc.) rather than the
specific primer;
3) Products of random priming by secondary structures within the single stranded
DNA molecule itself.
The first possibility seems unlikely since the treatment of the single stranded DNA
template with a restriction enzyme, Hindlll, did not increase the percentage of
positive clones. Exonuclease III cleavage of the DNA template, although resulting in
a ten-fold reduction of the number of total colonies, also did not solve the problem.
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This indicated that either incomplete cleavage of random primers by Exonuclease III
or priming of the extension reaction by secondary structures within the single
stranded template itself was responsible for the appearance of the high number of
negative clones.
4.5 Sequence Characterisation ofPositive Clones
DNA was prepared from positive clones using the Qiawell-18 plasmid purification kit
(M&M 2.2.9). EcoRI and Hindlll double digestion of plasmids was carried out to
check the quality and the size of the inserts. Ninety five percent of the positive clones
have an insert of 150-500 bp in length. The remaining 5% of the positive clones have
either a large insert (>500 bp) or could not be digested by the restriction enzymes.
Nucleotide sequence information was generated using the Sequenase or the
Taquenase systems (USB). Sequences were edited and analysed using the GCG
package (University of Wisconsin Genetic Computing Group) or Seqman (DNA
Star). Figure 4.4 shows examples of DNA sequences from positive clones.
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Figure 4.4 Examples of DNA sequences of microsatellite clones
from marker-selected genomic DNA libraries. A. [CA]n
microsatellite; B. [CTG]n microsatellite.
A total of 21 and 37 positive clones were identified and isolated from the [AC] 15- and
[CCTJio-enriched genomic DNA libraries respectively. Further characterisation of
these positive clones by sequencing revealed 7 unique contigs for [AC]n-type clones,
and 14 unique contigs for [CCT]n-type clones. The nucleotide sequence compositions
of the repeat motif for each contig are shown in Table 4.2 and Table 4.3.
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Table 4.2 DNA sequence of the repeat motif of positive clones from the [CA/TG]n-
enriched genomic library
Contig Repeat Motif Number of Clones
1 [AT] 8 [CA] 7 1
2 [AT]6[GT]13 1
3 [AC]17 1
4 [AC] 18 3
5 [AC] l9 1
6 [AT] 10[CA] 19 6
7 [AC] 28 1
Anonymous 7
4.6 Conclusions
(1) About half of the positive clones picked from the [CA/TG]n-enriched library do
not contain any of the target repeats. This may have been due to the low stringency
during colony hybridisation. To overcome this, either a higher stringency
hybridisation or rescreening step should be carried out.
(2) Of the microsatellite-containing clones from the [CA/TG]n-enriched library, the
[CA] or [TG] repeats were usually long (repeating 17 to 28 times). About half of
these clones contain single perfect [CA]-repeat. The rest of the clones show
complex repeats, for example, often two distinct types of perfect repeats adjacent
to each other.
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Table 4.3 DNA sequence of repeat motifs of positive clones from the [CCT]n-
enriched genomic library.









9 [CCT]5 AG-rich 1







(3) Of the 37 positive clones from the [CCT]n-enriched library, 9 clones do not
contain any [CCT] repeat (24%), 12 clones are CT-rich sequences (32%). The
[CCT] repeats in the rest of these clones are usually short (repeating 2 to 6 times).
Such short tandem repeats are expected to be less polymorphic.
(4) As shown in Table 4.2 and 4.3, in both the [CA]n or [CCT]n-enriched genomic
libraries, a number of over-represented clones were found. The small-insert
libraries are therefore not representative of the genome.
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This method seems impractical for generating microsatellite-enriched genomic






Libraries By DNA Affinity
Hybridisation
5.1 Introduction
Although genetic marker selection has been shown to be an efficient method for
enriching specific microsatellite in a small insert genomic library, we encountered a
few problems with this method.
1) The percentage of positive clones in the libraries was still low. Screening of the
[CA/TG]n marker-selected genomic library showed that only about 1.5% of the
clones were positive clones.
2) During the in vitro primer extension step of the procedure, primer mismatches
may occur. Therefore there is a high risk of getting mutated sequences in using this
method.
3) The biggest problem was the low complexity of the marker-selected library. Both
in our hands and others (Cheng and Crittenden, 1993), it was found that a number
of clones were over-represented. This could be a reflection of the incomplete
genome coverage used in the marker-selected method. Assume that the average
size of the inserts was 350 bp (150-500 bp) and the chicken genome to be 1.2 x 109
bp in size. Since the marker-selection procedure started with a total of 5 x 104
recombinant clones, the maximal genome coverage of these clones was about 1%
(3.5 x 107/l.2 x 109). Because the chicken genome contains roughly 104
[CA/TG] n-type microsatellites, about 100 distinct types of positive clones are
expected in the starting-library. It was assumed that all microsatellites would be
perfect [CA] repeats and therefore all could be selected by the primer. However,
more than half of the microsatellites in the chicken genome belong to imperfect
[CA] repeats. These microsatellites would not be selected by the marker-selection
procedure unless significant "mismatches" are allowed. This would reduce the total
number of microsatellites generated in the marker-selected library to about 50.
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To avoid these limitations of genetic marker selection, an alternative method is
needed for (1) enriching for microsatellites through physical rather than biological
process so that the enriching conditions will be easier to control and the probability of
getting mutated sequences be reduced; (2) leaving DNA cloning until the very last
step, i.e. after microsatellite-enrichment, so that the total number of colonies to be
manipulated will be kept to a minimum.
A PCR-based DNA affinity hybridisation and capture procedure was developed for
the construction of microsatellite-enriched genomic DNA libraries. In this procedure,
a 5'-biotinylated [CA]is oligonucleotide was used to hybridise with heat-denatured
[CA]n microsatellite-containing DNA fragments. The heteroduplex molecules were
then physically captured and separated from non-hybridised DNA molecules by
streptavidin-coated magnetic beads. The captured DNA was PCR amplified and
cloned into a plasmid vector to produce a genomic library.
This method has a number of advantages over the marker-selection procedure. First,
the DNA affinity technique allows a wide range of mismatching base pairs between
the oligonucleotide and DNA fragment. Second, the degree of such mismatches can
be controlled by the conditions of hybridisation and the stringency of washing, so that
this method should select more longer repeats. These kinds of microsatellites may be
more polymorphic. Thirdly, the method is flexible, for example, it can start with a
very small amount of genomic DNA, and the affinity-hybridisation step can be
repeated several times. Finally, one of the lone-linker oligonucleotides was used as
primers in PCR amplification, this should increase the accuracy of primer annealing
and avoid modified clones induced from the primer mispairing in the marker selection
procedure.
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5.2 DNA Affinity Hybridisation/Capture Protocolfor Enriching Microsatellites
The protocol employed is shown in Figure 5.1, chicken genomic DNA was randomly
fractionated by sonication. The sonicated DNA was size-selected (150-500 bp) on a
1% gel using low melting-point agarose. The DNA was made blunt-ended by end-
filling using T4 DNA polymerase. In order to facilitate PCR amplification of the
DNA, 'lone-linkers' generated from the annealing of two partially overlapping
oligonucleotides (M&M 2.2.16) were ligated to the ends of the size-selected genomic
DNA by T4 DNA ligase. The lone-linkers were specially designed in order not to
allow ligation between the linkers. An EcoRI restriction site was included on the
linker to facilitate subsequent cloning into a plasmid vector. An aliquot of the linker-
attached DNA (1-2 ng) was amplified by polymerase chain reaction (M&M 2.2.5).
The amplified DNA was denatured by heating in a boiling-water bath for five minutes
followed by quick chilling in an ice-bath. The denatured genomic DNA was mixed
with an aliquot of the 5'-biotinylated [CAJis oligonucleotide. The mixture was heated
to 95°C for 1-2 minutes, then transferred to a pre-set 60°-70°C water bath for 10
minutes followed by chilling in an ice-bath. Pre-washed streptavidin-coated magnetic
beads were added. The affinity hybridisation was carried out at room temperature for
one hour in a total volume of 200 (ll with 0.1% SDS, 0.1 M NaCI, 10 mM Tris-HCI
(pH 8.0) and 0.1 mM EDTA. During this procedure, DNA fragments that contain the
target repeat sequence will hybridise with the 5'-biotinylated microsatellite oligo.
Streptavidin-coated magnetic beads, to which the 5'-biotinylated oligo binds, were
captured by placing the tube on a magnetic stand. The matrix was successively
washed with buffer A five times at room temperature, and once at 70°C; followed by
two washes with buffer B at 70°C (M&M 2.2.16).
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As a consequence, all DNA fragments except those bound by the 5'-biotinylated oligo
were washed away. The bound DNA was eluted and amplified by PCR. The
amplified DNA was proteinase K treated and digested with the restriction enzyme,
EcoRI and subsequently cloned into the EcoRI site of the plasmid vector,
pBluescript(+). The ligation reaction was optimised to maximise the number of
recombinant clones and the ligation mixture was transformed into XL1-Blue cells by
electroporation (M&M 2.2.3). Finally the enriched library was titrated by plating onto
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Figure 5.1 Schematic of the DNA affinity hybridisation protocol for
constructing microsatellite-enriched genomic libraries. Crosses
indicate microsatellites; black dots indicate positive clones.
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X-gal-ampicillin plates. The number of recombinants indicated by white colonies was
usually about 70%.
5.3 Enrichment of [CA/TG]„ Microsatellites in the Selected Genomic Library
The enriched library described above was screened once with [y32P] ATP labeled
[CA] ]5 oligo nucleotide probe. As shown in Figure 5.2, when comparable numbers of
colonies were screened using this probe, positive clones were only detected in the
[CA/TG] n-enriched genomic library, but not in the unenriched control library. This
result indicated that the affinity hybridisation-selected chicken genomic library was
highly enriched in [CA/TG]n microsatellites.
A total of 5,000 colonies from both the control and the [CA/TG]n -enriched library
were screened, the percentages of positive clones were calculated and listed in Table
5.1. The percentage of positive clones was 5.77% in the [CA/TG] n-enriched genomic
library, whereas in the unenriched control library it was only 0.12 percent. This result
indicated that using the DNA affinity hybridisation selection procedure, an
approximate 50-fold enrichment of [CA/TG]n-type microsatellites had been achieved.
Table 5.1 Comparison of percentages of positive clones in the [CA/TG]n-enriched and
unenriched genomic DNA libraries





Figure 5.2 Enrichment of [CA/TG]n microsatellites in genomic
DNA library. Libraries were constructed using DNA affinity
hybridisation and capture protocol. Three hundred clones from (A)
Unenriched control; (B) [CA/TG]n-enriched were screened with
[y32p]ATP labeled [CA] 15 oligo probe.
5.4 Sequence Characterisation of the Positive Clones from the (AC)-enriched
Library
After screening, positive clones were lifted and propagated in LB broth. Plasmid
DNA was prepared using the Qiawell-18 Plasmid DNA Purification Kit (M&M
2.2.9). The quality, quantity and the size of the inserts were checked by digestion with
the restriction enzyme, EcoRI, and electrophoresis on a 1% agarose gel. Then clones
with inserts were selected for further characterisation by DNA sequencing.
Nucleotide sequences of microsatellite clones were generated using the Taq Cycle
Sequencing System (ABI) using either T3 or T7 primers. The products were analysed
using an ABI 373 automated DNA sequencer. Figure 5.3 shows two examples of
DNA sequences from positive clones.
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GTCTGATG AG TGGTTATAAT C T TTTCTTG T T A
95 100 105 110 115 120
J TG TATATATATATATATGT G TG TG TATGTGTGTG
0 175 180 185 190 195 200 <
GTATATGTG TGTGTGTGTATGTGTGTGTGTAT AAA
220 225 230 235 240 245 250
Figure 5.3 Examples of DNA sequence of microsatellite clones from
the genomic library constructed using the DNA affinity hybridisation
protocol. (1) Perfect [CA/TG] repeat; (2) Imperfect [CA/TG] repeat.
tal of 51 positive clones have been characterised by DNA sequencing. The
ence motifs found in these clones are given in Table 5.2.
(1) General characteristics of the [CA]n-enriched library
A. The percentage of positive clones in the enriched library was calculated to be
5.77%, whereas in the non-selected library it was 0.12%. This indicates an
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approximate 50-fold enrichment of [CA/TG]n microsatellites in the library. It is
also about a 4-fold enrichment over the marker-selected genomic library described
in Chapter 4.
B. Further characterisation of these positive clones by DNA sequencing showed that
about 87% of these positive clones were real [CA/TG]n-containing DNA
sequences.
Table 5.2 Sequence characterisation of repeat motifs of positive clones from the
[CA/TG]n-enriched genomic DNA library
Contig DNA Sequence of the repeat motif Number of Clones
1 [AC]10 1
2 [AC] 12 1
3 [AC]12[AT]6[AC]„[AT]7 1
4 [AC] 13 1
5 [AC] 17 1
6 [AC] 18 1
7 [AC] 2o 1
8 [AC] 20 1
9 [AC] 2i 1
10 [AC] 24 1
11 [AC] 24 1
12 [AC] 26 1
13 [AC] 28 1
14 [AC] 32 1
15 [AC] 32 1




No [AC]n-containing sequences 7
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C. However, approximate half of the real positive clones identified belong to the
group of [CA]- or [TG]-rich sequences. Characteristically, in such sequences,
instead of one or two tracts of perfect [CA]n or [TG]n repeats, long runs of [CA]n
or [TG]n repeats have been found which were frequently interrupted by unique
sequences. The problems with such sequences were: (1) it was difficult to design
specific primers for PCR; (2) it indicated possible clustered locations for such
sequences in the genome, for example telomere and centromere where simple
DNA sequences were usually repeated hundreds to thousands of times (Roger,
1983; Blackburn, 1991).
D. In many clones, the [CA/TG]n motifs were found at the extreme ends of the
inserts. This is probably due to the effect of random breakage of DNA by
sonication. These clones are unlikely to be useful because there is not enough
flanking sequence to design primers for PCR.
E. As seen from Table 5.2, every clone sequenced so far was unique in sequence
composition. This indicates a high degree of complexity in the enriched library.
F. 78% of the real microsatellite-containing clones contain simple [CA] or [TG]
dinucleotide repeats, whereas 22% have complex dinucleotide repeats.
(2) Size distribution of [CAJTG]n motifs in the enriched library
The observed size distributions of [CA/TG]n motifs in the DNA affinity hybridisation
selected genomic library is shown in Figure 5.4. A 'normal distribution' pattern with a
modal length of [CA] 16-20 being the most frequent was observed for the [CA/TG]n
repetitive motifs in the genomic library. This distribution pattern was quite similar to
the one observed by Crooijmans et al. (1993) in an unenriched chicken genomic
library (lambda ZapII ), where the number of repeats was found varied from 9 to 33
with [CA] 13-16 being the most frequent motif length. The consistency of the two
distribution patterns suggests the validity of the microsatellite-enriched chicken
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genomic library constructed in this experiment. However, this distribution pattern was
quite distinct from the one observed by Cheng et al. (1993) in a marker-selected
genomic library, where the numbers of uninterrupted repeats were observed varied

















Figure 5.4 Size distribution of [CA/TG]n repeat
motifs of positive clones in the genomic library
constructed through DNA affinity hybridisation
selection protocol.








Searches of the current EMBL database revealed that a large number of expressed
sequences (cDNA) contain simple sequence repeats ([CA]n, [CAG]n etc.), among
which [CA/TG]n dinucleotide tandem repeats were found to be the most abundant
(Love et ai, 1990; Beckman and Weber, 1992; Moran, 1993). Some microsatellites
were located within coding regions of genes (mostly triplet repeats), but most of them
were localised in non-coding regions, e.g. 5' and 3' untranslated regions.
These microsatellites can be used as markers in linkage studies and have an advantage
that they are direct markers of expressed genes. Therefore if a trait was found linked
to any of these microsatellite markers, then the associated expressed sequences are
likely candidate genes for controlling this trait.
Recently, various functions have been assigned to simple sequence repeats
(microsatellites), for example, promoting homologous recombination (Blaho and
Wells, 1989) and regulating gene expression (Santoro et al., 1984; Peck, 1985). In
addition, since these simple sequence repeats are highly mutable sequence elements,
genes containing such sequences may likely be candidate genes to cause disease
conditions.
Among various types of simple sequence repeats, [CAG] n trinucleotide repeats have
received much attention recently. [CAG] n triplet encode poly-glutamine residues and
appear more frequently within coding regions of genes rather than the noncoding 5',
3' untranslated regions or introns. Database searches reveal that many eucaryotic
transcriptional factors contain [CAX]n repeats (X=A or G) in their coding regions.
The poly-glutamine stretch has been shown to act as a transcription
activation/inhibition domain in transcriptional factors. Since these triplets are located
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in coding regions, they may be less polymorphic than other microsatellite markers as
far as the number of repeats is concerned.
To facilitate the efficient isolation of microsatellites associated with expressed
sequences, [CA/TG]n- and [CAG]n-enriched chicken liver cDNA libraries were
constructed using the DNA affinity hybridisation and capture procedure developed for
genomic sequences.
6.2 Protocolfor the Construction ofMicrosatellite-enriched cDNA Libraries
The procedure employed is shown in Figure 6.1, messenger RNA was extracted
directly from chicken liver tissue using the polyA Tract System 1000 (Promega)
(M&M 2.2.13). Double-stranded cDNA was synthesised using the Riboclone cDNA
Synthesis System (Promega) (M&M 2.2.14). Then the total cDNA was divided and
digested separately with restriction enzymes Haelll or Rsal. The restriction enzyme
digested cDNAs were combined and size-selected (500 to 800 bp) on 1% low melting
point agarose gel (M&M 2.2.12). "Lone-Linkers" were ligated to the ends of the
cDNA with T4 DNA ligase. Then an aliquot (1 to 2 ng) of the size-selected linker-
attached cDNA was amplified by the polymerase chain reaction (M&M 2.2.15).
The amplified cDNA was then subjected to the DNA affinity hybridisation procedure
developed and described in Chapter 5, in which a 5'-biotinylated microsatellite
oligonucleotide, [CA] 15 or [CAG] 10 was used to hybridise with the cDNA fragments

















i Retain on magneticbeads coatedStrap Avidin —(
Figure 6.1 Schematic of the construction of microsatellite-
enriched cDNA library through DNA affinity hybridisation and
capture procedure. Black dot: positive clone; X: simple sequence
repeat.
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6.3 Characterisation of the [CA/TG]n-Enriched cDNA Library
(1) Enrichment of[CA/TG]n microsatellites
The [CA/TG] n-enriched small-insert liver cDNA library was subjected to one round
of screening with a [y32P]ATP-labeled [CA] 15 oligonucleotide probe. A total of 4,000
colonies from both the unenriched control and the enriched cDNA libraries were
screened. Positives were counted. The calculated percentage of positive clones in the
library is shown in Table 6.1.
Table 6.1 Comparison of percentages of positive clones in the [CA/TG] n-enriched
and unenriched cDNA libraries




A 70-fold enrichment for the [CA/TG] n microsatellites has been achieved using the
DNA affinity hybridisation selection procedure developed for genomic sequences.
(2) Size range of the inserts
After screening, positive clones were picked and propagated in LB broth. Plasmid
DNA was prepared using the Qiawell-18 Plasmid Purification Kit (M&M 2.2.9). The
purity, quantity and insert size of the clone were checked by digestion with restriction
enzyme, EcoRI and electrophoresis on 1% agarose gel.
About 5% of the positive clones contained large inserts (>900 bp) or could not be
digested by the enzyme. Of the remaining 95%, the sizes of inserts varied from 500-
800 bp with an average of 650 bp.
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(3) Characterisation ofnucleotide sequences
Nucleotide sequences of individual clones were generated using the Taq cycle
sequencing system on a 373 automated sequencer (ABI). Double-stranded Plasmid
DNA was sequenced from both strands using T3 and T7 primers (M&M 2.2.18).
Examples of DNA sequence of positive clones were shown in Figure 6.2.
AM
. AC C T T
145
G
-T—| . 1 P J—"1 1 1 1 , 1 . I 1 , . . 1 . | 1 1 1 1 , 1 1 1 1 | 1 . . 1 , I
AG TTG GTTCACACACACACACACACACACACACACACA
1 50 1 55 160 165 170 175 180 185
Figure 6.2 Examples of DNA sequence of microsatellite clones from
the [CA/TG] n-enriched cDNA library. (1) Perfect [CA/TG]n repeat; (2)
imperfect [CA/TG] n repeat.
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A total of 40 positive clones from the enriched cDNA library were characterised by
DNA sequencing. The nucleotide sequence composition of the repeat motif from each
contig is shown in Table 6.2. The positive clones sequenced fell into 15 unique
contigs. 4 represent simple [CA] repeats (26%), whereas the remaining contigs
represent complex repeats (74%). Less than 20% of the clones sequenced were unique
clones. A number of clones were highly-represented in the enriched cDNA library. In
contrast to the microsatellite clones from the [CA/TG]n-enriched genomic DNA
where nearly half of the clones characterised were found to be [CA/TG]-rich
sequences, the results in Table 6.2 show that less than 13% of the positive clones in
the cDNA library belong to this [CA/TG]-rich class.




Clones DNA Sequence of the Repeat Motif


















(4) Size distribution of [CA/TG]n repeats
The observed size distribution of the [CA/TG]n motifs in the [CA/TG]n-enriched
cDNA library is shown in Figure 6.3. A typical 'normal distribution' pattern was
observed for the [CA/TG] n motifs in the cDNA library. The number of repeats varied
from 5 to 30 with [CA/TG] 11.15 being the most frequent category. This distribution
resembles the one observed by Crooijmans et al. (1993) in an unenriched lambda Zap
















5-10 1 1-15 16-20 21-25 26-30
number of repeats
Figure 6.3 Size distribution of [CA]n motifs of positive
clones in the [CA/TG] n-enriched cDNA library. The
number of uninterrupted repeats was plotted against the
number of clones.
6.4 Characterisation of the [CAG]n-enriched cDNA Library
(1) Enrichment of [CAG]n microsatellites
The [CAG]n-enriched liver cDNA library was screened with a [y32P]ATP labeled
[CAG] io oligonucleotide probe. A total of 2,000 colonies from both the unenriched
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control and the enriched cDNA libraries were screened. Positive clones were counted
and the calculated percentage of positive clones in the libraries is shown in Table 6.3.
Table 6.3 Comparison of percentages of positive clones in the [CAG] n-enriched and
unenriched cDNA libraries
DNA library Positive Clone Content
Enriched 2 (%)
Unenriched 0(%)
(2) Size range of inserts
Plasmid DNA from positive clone was prepared and restriction enzyme digested as
for the positive clones from the [CA/TG]n-enriched cDNA library. About 3% of the
positive clones contained large inserts (> 900 bp). Of the remaining 97%, the size of
inserts varied from 500 to 800 bp with an average of 650 bp.
(3) Sequence characterisation ofpositive clones
Nucleotide sequences of individual positive clones were generated using the Taq
cycle sequencing system on a 373 automated sequencer (ABI). Double-stranded
plasmid DNA was sequenced from both strands using T3 and T7 primers (M&M
2.2.18). An example of nucleotide sequence is shown in Figure 6.4.
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Figure 6.4 Example of DNA sequence of a positive clone from the [CAG] n-
enriched cDNA library.
A total of 17 positive clones from the [CAG]n-enriched cDNA library were
sequenced. The nucleotide sequence composition of the trinucleotide repeat motifs is
shown in Table 6.4.
Table 6.4 Sequence characterisation of repeat motifs of positive clones from the
[CAG]n-enriched cDNA library. (X= G or A)
Number of
Contig Clones DNA Sequence of the RepeatMotif
CAG001 2 [CAX]43
CAG007 1 [CAX]37
CAG009 1 [CAX] 8ATGCTGAGG[CAX] 23





As shown in Table 6.4, 7 unique contigs were formed. Among the 7 unique contigs, 3
were represented by single clones whereas the other 4 contigs were represented by
multiple clones. This reflects a very low complexity of the [CAG]n-enriched cDNA
library.
Both contigs CAG001 and CAG007 contain a simple [CAX] (X=A or G) repeat with
a repeat number of 43 and 37 respectively, whereas CAG20 contains 37 [CAX]
repeats with a single interruption by a [CGG] triplet in the middle. The rest of the
contigs are either [CAX]-rich sequences or contains complex [CAX] repeats.
6.5 Database searches for sequence homologies with the Microsatellite-containing
cDNA Sequences
The BLAST (Basic Local Alignment Search Tool) e-mail server at the National
Centre of Biotechnology Information (NCBI), National Library of Medicine, NIH in
Bethesda was used for sequence similarity searches (Altschul et al., 1990). BLASTN
uses nucleotide sequence as query sequence, while BLASTX translates the nucleotide
sequence in six reading frames and then uses the translated protein sequence to
perform a sequence similarity search. The non-redundant (nr) peptide sequence
databases searched include: Pdb, Swissprot, Pir, Spupdate, Genpept, Gpupdate, Tfd,
Acr and Aalu. The nonrandom (nr) nucleotide sequence databases include: Pdb,
Genbank, Gbupdate, Embl, Emblu, Vector, Repbase, Katatnue, Epd and Dbest. In
addition, sequence similarity searches were carried out by running the FASTA
program of GCG Package (University ofWisconsin Genetics Computing Group).
To perform a database search, sequence information of cDNA microsatellite clones
was collected from a 373 DNA sequencer, and edited using Seqman software (DNA
Star). The consensus sequence of each individual contig was submitted in the
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requested format to BLAST or FASTA. A summary of the database searches and the
general results from the database searches are given in Table 6.5 and Table 6.6.
Table 6.5 Summary and comparison of the results of database searches for [CA]n-
and [CAG] n-containing cDNA sequences
[CA]„-containing cDNA [CAG]n-containing cDNA
Sequences Sequences
Known gene 4 (16%) 1 (11%)
Related sequence 4 (16%) 1 (11%)
Unknown sequence 17 (68%) 7 (78%)
Total 25 9
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6.6 Sequence Homologies ofcDNA Clones
6.6.1 The Chicken Homologue of the Human MEF2D Transcription Factor
Pairwise sequence comparison was carried out between hMEF2D and the consensus
sequence of CAG001. The sequence alignment is given in Figure 6.5. Multiple
sequence comparisons were carried out for hMEF2A, hMEF2B, hMEF2C, hMEF2D,
mMEF2C, SF-1, SF-2 and CAG001. The results of this multiple sequence
comparison were used in the construction of a phylogenetic tree (Figure 6.6). The
cDNA sequence was translated into an amino acid sequence and the result of amino




I I I I I I I I I I I I I I I 1 I I I I I II I I I I I I I I I I II I
539 CTCCCAAATCCCCTCCGCCGCCACCCCACAGCACCCAGCTAGTCTCCAAC 490
988 AGCCGCAAGCCCGACCTGCGAGTCATCACTTCCCAGGCAGGAAAGGGGTT 1037
I II II I I I I I I I I I I I I I I I I I I I I I I II III II II III I
489 AGCCGCAAGCCGGACCTGCGCGTCATCACCTCGCAGAGCGGCAAAGGGCT 440
• • • • •
1038 AATGCATCACTTGACTGAGGACCATTTAGATCTGAACAATGCCCAGCGCC 1087
I I I I I I I I I I I I II I I I I I I
439 GATGCACCAC CTGCAGAACACGCAGCGGT 411
1088 TTGGGGTCTCCCAGTCTACTCATTCGCTCACCACCCCAGTGGTTTCTGTG 1137
I II I I I I II I I I I I I I I II II I I I I I II II I I II I I I I
410 TAGGTGTCTCCCAAGCGACTCACTCTCTAACCACGCCGGTTGTTTCTGTT 361
• • • • •
1138 GCAACGCCGAGTTTACTCAGCCAGGGCCTCCCCTTCTCTTCCATGCCCAC 1187
I I I I I I I I I I I I I I I I I I 1:111111 II I I II I I I
360 GCCACCCCGAGCCTGCTGACACAGGGGGTGYCGTTCTCCGCCATGCCGAC 311
1188 TGCCTACAACACAGATTACCAGTTGACCAGTGCAGAGCTCTCCTCCTTAC 1237
II I I I I II I I I I I I I I III I I I I I I II I III I II II I I
310 CGCATACAACACAGATTATCAGCTGACGAGTGCTGAGTTATCTTCGCTGC 261
1238 CAGCCTTTAGTTCACCTGGGGGGCTGTCGCTAGGCAATGTCACTGCCTGG 1287
I II I II II I I II I II I III I I I I II I II II II II II I I I I
260 CAGCATTCAGCTCACCTGGTGGGTTGTCCCTTGGCAACATCTCTGCCTGG 211
1288 CAACAGCCACAGCAGCCCCAGCAG CCGCAGCAGCCACAGCCTCC 1331
II II II I II II I I I I I I I I I II II I II I I I I I I
210 CAGCAGCAGCAGCAGCAGCAGCAGCAGCAACAGCAGCAGCAGCAGCAGCA 161
1332 ACAGCAGCAGCCACCGCAGCCACAGCAGCCACAGCCACAGCAGCCTCAGC 1381
I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I II I I
160 ACAACAGCAACAGCAGCAGCAGCAGCAACAACAGCAGCAGCAGCAGCAGC 111
1382 AGCCGCAACAGCCACCTCAGCAACAGTCCCACCTGGTCCCTGTATCTCTC 1431
I I III I II I II II II I III I I II t II I II I I II I I II
110 AACAGCAGCAGCAACAACAGCAGCAGCAGCACCTGGTTCCTGTATCACTA 61
1432 AGCAACCTCATCCCGGGCAGCCCCCTGCCCCACGTGGGTGCTGCCCTCAC 1481
I I I I I I I I II II I I I I I I I II
60 GGAAATTTAATACAAGGGAGCCACTTGTCCCAC...ACCACCACTCTGAC 14
1482 AGTCACCACCCAC 1494
I I I I I I I I II
13 TGTCAACACCAAC 1
Figure 6.5 Comparison of nucleotide sequences of CAG001 (lower) and
human hMEF2D (upper). DNA sequence alignments were performed







hMEF2B SL-1 CAG001 hMEF2D mMEF2C hMEF2C SL-2 hMEF2A
Figure 6.6 Phylogenetic tree of the MEF2 gene family
based on the nucleotide sequence similarity. Multiple-
sequence alignment was carried out using the
CLUSTAL method of Seqman (DNA Star).
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Figure 6.7 Comparison of amino acid sequences of the poly-
glutamine/proline tract and its flanking regions in the human, Xenopus
and chicken MEF2D peptides ('Clustaf Method, Seqman). Sequence
identity is boxed
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Figure 6.5 shows that contig CAG001 has 73% sequence similarity with the coding
region of human MEF2D gene over a length of 563 bp. Within this region a [CAG]
trinucleotide repeat motif is conserved in both the human and chicken gene. Three
deletions/insertions have taken place within the aligned region. One of the
insertion/deletion events occurred within the poly[CAX] repeat motif. Figure 6.6
shows that human MEF2D (hMEF2D) and its Xenopus homologue (SL-1) are the
most closely-related genes to contig CAG001 within the MEF2 gene family. Together
these results support the conclusion that contig CAG001 is the chicken homologue of
human MEF2D.
The sequence homology of hMEF2D with CAG001 is located within nucleotide 938















Figure 6.8 Focation of the nucleotide sequence alignment of
CAG001 and hMEF2D. Fine indicates 573' untranslated region;
stippled rectangle indicates sequence homology.
6.6.2 The Chicken Homologue of the Human FMR1
The nucleotide sequence of the human fragile X mental retardation gene (hFMRl)
was retrieved from the EMBF database. Pairwise DNA sequence alignment was
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carried out between hFMRl and AC003. The sequence alignment is shown in Figure
6.9.
16 ACAACTATAACTTGTTTTAGATCAGAGTTGACTGCAATAATGAAAGGAGT 65
| | | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
362 ATAACTCTGACTTGTTCCAGATCAGAATTGACTGCAATAATGAAAGGAGT 411
• • • • •
66 GTCCACACTAAAACATTAC. AGAATACCTCCAGTGAAGGTAGTCGGCTGC 114
II I I I II II I I I I I I II I I I I I I I I I II 11 I I 1 I I I II II I I I I
412 GTTCACACTAAAACATTACAAGAATACCTCCAGCGAAGGCAGCCGCCTGC 4 61
• • • • •
115 GCACGGGTAAAGATCGTAACCAGAAGAAAGAGAAGCCAGACAGCGTGGAT 164
I I I I I I I I I i I I I M I I I I I I I I I I I I I I I I II I I II III
462 GCACAGGTAAAGAACGTAATCAGAAGGAAGAGAAAGCGGACAACGCAGAT 511
165 GGTCAGCAACCACTCGTGAATGGAGT 190
I II I I II II II II I II I I I II
512 GGTCAACAGCCGCTGGTGAATGGGGT 537
Figure 6.9 Comparison of nucleotide sequence of human FMR1
(upper) cDNA and the consensus sequence of contig CA003 (lower),
(see Figure 6.5 for method description).
Contig CA003 has a sequence similarity of 86% over a length of 176 bp (nucleotides
362 to 537) with the 3' region of the human fragile X syndrome gene. The sequence
alignment lies 3' to the putative RGG domain of the hFMRl gene. However, the
sequence region between nucleotides 1 and 362 showed poor homology with the
human gene.
A previous study has shown that the human FMR1 gene consists of 17 exons
spanning 38 kb DNA (Eichler et al., 1993). As shown in Figure 6.10, the sequence
homology between our partial cDNA clone CA003 and the human FMR1 gene is
located at the 3' end of the coding region. It covers the whole region of the last exon
(exon XVII) and part of the last intron (intron XVI). Within this homologous region,







Figure 6.10 Location of the sequence homology between CA003 and
hFMRl. Rectangle indicates coding region, line indicates intron or 573'
untranslated regions.
So far, homologous FMR1 genes have only been cloned in human and mouse. Figure
6.11 shows the nucleotide sequence alignment for the last exon (exon XVII) of
chicken, mouse and human FMR1 homologous genes. As shown, a high degree of
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A CLAjG G T A A A G AUyc G T A Ai_T|C A G A A G|_GjA A G A G| 60
ACGGGTAAAGATCGTAACCAGAAGA A AG A GJ 60
ACGGGTAAAGATCGTAACCAGAAGA AFgIg AFA 60
A~a]a GfcjGlG A c al Afc~Gl ciag a t g g t c a| a fc~~a[ g fc~~c
aagccagacagc g tTgig a t g g t c a g c a a c c|_a
aagccagacagcgtagatg gigl citiG c a a c c G
ctggtgaatgglglgtlgag-ltalg
ctEIgtgaatggagtaccct a a]ctggtgaatggagtaccctaaI
Figure 6.11 Comparison of the nucleotide sequences of exon XVII of
chicken, mouse and human FMR1 ('Clustal' method, Seqman).
Sequence identity is boxed.
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6.6.3 The Chicken Homologue of the Mouse NBL4 Gene
The cDNA sequence of mouse NBL4 (MUSNBL4), a member of the "Band 4.1"
superfamily, was retrieved from the EMBL database. Pairwise sequence comparison
was carried out between MUSNBL4 and CA011. The sequence alignment is shown in
Figure 6.12. CA011 and MUSNBL4 have an overall sequence similarity of 73% over
a 377 bp DNA region.
16 CTGTCTGAGGAGCAATTGATAGAAATACCATACACGAAAATAGAGACTCA










iiii it i i i i m ii i ti ii it iii it i t i i t i t ii ill
165
1841
lilt II 1 1 1 1 1 1 1 1 1 II II II III 1 1 1 1 1 1 1 1 1 II III
AGTACCGAAGATCCCAGTGTTCAGACGGAGAACGATCCGTTCTCTCGGAA 1890
166 GTGAATGCAAAAAATGATCTGGTGCCTCCGCTGCCTGTTACACGATCCTC
l l II 1 1 II 1 1 1 II 1 1 II II II II II II II II 1 1 1 1 1
215
1891
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1^. 1 1 II II II II II 1 1 1 1 1
GTGAACTCAAAGACAGATCTTGTACCACCACTTCCGGTCACCCGTTCCTC 1940
216 AGATGTTAAAGGTCC..CAGCATCCACTTTACTCAACAGAGACGGAATGG










i M i II II 1 1 1 1 1 i II 1 1 1 1 i i M M
361
2036
1 1 1 1 1 1 1 1 I I I I I I I II I I I 1 I I I I I
ACCCGGCTGGGAAACCTAC.AGCAAAAACCATAAAAACCATCCAGGCTG. 2083
362 CACGCTTCCCGGCTAGAGACTCGACTG 388
1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CTCGCCTCAAGGC.AGAGACTTGACGG 21092084
Figure 6.12 Comparison of nucleotide sequence of mouse NBL4
(lower) cDNA and the consensus sequences of CA011 (upper), (see
Figure 6.5 for method description).
The open reading frame (ORF) finding program of the SEQMAN package (DNA
Star) was used to define the open reading frame for MMNBL4. As shown in Figure
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Figure 6.13 Putative coding frame of MMNBL4 and the location of the
sequence homology between CA011 and MMNBL4.
6.6.4 The Chicken Homologue of the Human PLT Gene
The nucleotide sequence of human PLT gene cDNA was retrieved from EMBL
database. Pairwise sequence comparison was carried out between hPLT and CA023.
The sequence alignment was shown in Figure 6.14.
211 TGGTTTCGTGTGGAGACAAACTATGACCATTGGACTACCCCTCCTCCCTT 260
I I I I I I I II I I II I I I I II I II I I II I I I I II I
601 TGGTTCCGAGTTGAGACAAATTACGACCACTGGAAGCCAGCACC.CAAGG 649
261 GTGATGACCGAAGAACGCCACCCATGAAAGCTCTCAATGCTACTGGACAG 310




III III I II I I I I I I I III
700 GCAAACCTCAGCCTGGAGGCACTTTTCCAG 729
Figure 6.14 Comparison of nucleotide sequence of human PLT cDNA
(lower) and the consensus sequence of contig AC023 (upper), (see
Figure 6.5 for method description).
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Contig CA023 has an overall 68% sequence similarity over a 130 bp long region
(nucleotides 211 to 340) with the 3' coding region of the human PLT gene. The
sequence region between nucleotides 1 and residue 211 did not show significant
homology to the corresponding region of the human gene.
As shown in Figure 6.15, the nucleotide sequence homology between hPLT and
CA023 is located at the 3' end of the coding region of hPLT. Within this homologous
region, two N-glycosylation sites are found in the human PLT gene, one of which is






Figure 6.15 Location of the sequence homology between hPLT
and CA023
6.7 Putative Annotation of Unknown cDNA Sequences
BLASTX searching did not find any sequence homology in the database for CAG007,
CAG009, CAG015, CAG018, CAG019, CAG020, CA013, CA040 and CA042. The
nucleotide sequences of these microsatellite-containing cDNA clones were subjected
to analysis of potential exons using GRAIL 1 (Gene Recognition and Analysis Internet
Link) program (Uberbacher and Mural, 1991). The results are shown in Table 6.7.
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Table 6.7 Potential Exons based on GRAIL1 analysis of [CAX]n- or [CA]n-
containing cDNA sequences.
Sequence Position Strand Strand
Probability
Frame Quality ORF
CAG007 51-277 R 0.63 1 Excellent 1-277
CAG009 51-91 R 0.53 1 Good 1-124
CAG015 331-461 R 0.57 2 Excellent 314-518
CAG018 51-141 R 0.53 2 Excellent 1-141
CAG019 51-161 F 0.63 3 Excellent 1-165
51-101 R 0.66 2 Good 11-137
CAG020 311-361 R 0.86 1 Good 304-367
56-281 R 0.64 2 Excellent 56-281
CA013 61-141 R 0.83 1 Excellent 1-295
CA040 51-71 F 0.77 3 Marginal 1-138
CA042 261-341 F 0.99 2 Excellent 179-392
ORF: open reading frame; R: reverse; F: forward.
A total of eighteen [CA]n-containing and six [CAX]n-containing cDNA sequences
were analysed. As shown in Table 6.7, all [CAX]n-containing sequences, however,
only three [CA]n-containing sequences (17%, CA013, CA040 and CA042) were





We have identified 40 unique microsatellite sequences from genomic DNA and 22
from cDNA. The degree of polymorphisms of these microsatellites needs to be
investigated by polymerase chain reaction assays.
7.1 Designing Primers for Polymerase Chain Reaction forMicrosatellite Assays
Sequence data of suitable microsatellite clones from both genomic and cDNA
libraries were first checked by eye to ensure that enough flanking sequence existed
for designing PCR primers. Then the PRIMER program was used to select unique
PCR primers flanking each microsatellite. Attempts were made to select PCR
products that were 100 to 270 bp in length. The selected primers and their expected
product lengths are listed in Table 7.1.
7.2 Polymerase Chain Reactions and Product Analysis
Primers were synthesised, labeled and HPLC purified using standard methods (Oswel
DNA, Edinburgh UK). The polymerase chain reaction conditions used were 50 mM
KCI, 10 mM Tris-HCI (pH 9.0), 0.1% Triton X-100, 1.5 mM MgCI2, 200 pM each
dNTP, 10 pmol of each primer, 0.5 U of Taq polymerase, 50-100 ng of genomic DNA
in a final volume of 10 pi. Reactions were initially denatured for 1 minute at 94°C,
then 23 cycles of 94°C for 30 seconds; 60°C for 1 minute and 72°C for 3 minutes,
with a final 10 minute elongation step at 72°C in a thermal cycler (TRIO-BLOCK).
The samples were heated to 94°C for 2 minutes, 1 pi was loaded onto a 6%
sequencing gel on an automated sequencer (Applied Biosystem). Data was collected
and analysed using GENESCAN software. Both the male and female parents in the
East Lansing and Compton crosses were genotyped using microsatellite, ROS001.
The detection of polymorphisms for ROS001 is shown in Figure 7.1.
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Table 7.1 Polymerase chain reaction primers for [CA/TG]n microsatellites













































































































Note: ROS001-012, 017 and 018 are microsatellites from genomic DNA, whereas ROS013-017E are
microsatellites from cDNA. Fluorescent label: J(OE), green; F(AM), blue; T(AMRA), yellow.
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I
. BL - ^'5- - HL iSL ■ ■ . HL
Figure 7.1 PCR analysis of microsatellite polymorphisms. Lane 1
and 2: East Lansing male and female parent; Lane 3 and 4: Compton
male and female parent. The product size (bp) is indicated at the top.
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As shown in Table 7.2, three alleles (Aj = 172 bp, A2=174 bp and A3=168 bp) have
been detected in this experiment. In the East Lansing cross, the male parent is a
heterozygote (A1A2) whilst the female parent is a homozygous (AjAi). In the
Compton cross, both the male and female parents are heterozygous (A2A3, A! A3).
Table 7.2 Genotypes of the male and female parents of East Lansing and Compton
Cross.
Gel Lane Identity Genotype Size of allele
1 Male (E) a,a2 172,174
2 Female (E) AjAI 172
3 Male (C) A2A3 168,174
4 Female (C) A1A3 168,172
E: East Lansing cross; C: Compton cross.
The microsatellite, ROSOOl, was assigned into linkage group E2 in the East-Lansing
cross by linkage analysis. The relative position of ROSOOl in the linkage group is
shown in Figure 7.2.
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Figure 7.2 Map of the linkage group E2 in the East-




Expression of Chicken Myocyte
Enhancer Factor 2D (MEF2D)
Twenty two unique microsatellite-containing cDNA clones have been isolated. .
Searches of DNA databases identified four sequence homologies. The remaining
cDNA sequences have no identified homologues. First, these cDNAs will be mapped
onto the chicken genetic linkage map as expressed sequence tags (ESTs) by using
microsatellite markers in linkage studies. Mapped ESTs can then be used to map
other genes or sequences in future studies. Second, mapped cDNA sequences can
serve as good candidate genes for a particular trait or phenotype. To make use of
these cDNA sequences as candidate genes, their patterns of expression need to be
determined. To illustrate this process, the expression of CAG001 was studied.
8.1 Introduction
Since CAG001 is identified to be the chicken homologue of the human myocyte
enhancer factor 2D (MEF2D, see Chapter 6), it is an appropriate candidate gene for
the control of muscle development or growth rate in chicken. In mammals, four genes
MEF2A, MEF2B, MEF2C and MEF2D belong to the myocyte enhancer factor 2
(MEF2) gene family (Martin et al., 1993; Chambers et al., 1992; Leifer et al., 1993;
Yu et al., 1992; Pollock and Treisman, 1991; McDermott et al., 1993). The protein
products of these genes together share two highly conserved DNA-binding domains,
the MADS domain and the MEF2-specific domain. These transcriptional factors are
known to regulate the expression of some muscle-specific genes by binding to
specific binding sites within their promoter regions.
The mammalian MEF2 genes are expressed in a restricted tissue-specific pattern,
although some transcripts are present in a variety of tissues. For instance, the human
MEF2A mRNA is ubiquitous with preferential accumulation in skeletal muscle, heart
and brain (Yu et al., 1992). In contrast to human MEF2A, the human and mouse
MEF2C mRNAs are largely restricted to skeletal muscle and brain (McDermott et al.,
99
1993). Breitbart et al. (1993) determined the distribution patterns of human MEF2D
mRNA, showing that MEF2D mRNA , like MEF2A, was ubiquitous. Taken together,
the different patterns of MEF2 gene expression suggests that they might have distinct
functions.
8.2 Design and Validation ofChicken MEF2D-Specific Primers for RT-PCR
Northern blot analysis lacks sufficient sensitivity to detect transcripts in small
amounts of tissue, especially when those transcripts are present at a low level or have
short half-life. Also, it is too labour intensive for screening large number of cDNAs.
The technique of reverse transcription and polymerase chain reaction (RT-PCR),
which allows the detection of rare gene transcripts, was used in this experiment to
detect the presence of chicken MEF2D mRNA. Also, this will be a model for future
work to rapidly detect the general pattern of expression for microsatellite-containing
chicken expressed sequences, in particular, unknown genes. The [CAX]n tri¬
nucleotide repeat (X=G or A) within the chicken MEF2D gene 3' coding region was
selected to be the target for PCR amplification. Primers were designed that bracket
the [CAX]-trinucleotide repeat using the PRIMER program. Since G-actin mRNA is
believed to be present in all tissues, primers for this gene were used as a control for
efficient cDNA synthesis between different RNA samples (Burt et al., 1992).
Furthermore, for every RNA sample, a control PCR reaction which contains all
reagents but untranscribed RNA as template was included to monitor for possible
contamination by genomic DNA. The primers and their expected PCR products are
listed in Table 8.1.
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Table 8.1 Primer pairs for PCR amplification





8.3 Detection ofChicken MEF2D mRNA by RT-PCR
Total RNA was isolated from tissues using the standard guanidine thiocyanate
extraction procedure (Sambrook et al., 1989). First-strand cDNA synthesis was
carried out using the Riboclone cDNA Synthesis Kit (Promega) (M&M 2.2.14). Five
pg of total RNA was reverse transcribed by AMV-reverse transcriptase in a total
volume of 25 pi primed with oligonucleotide primer, d[T]25- For each RT reaction, a
blank was prepared using all reagents except the RNA sample. PCR was carried out
as described (Sambrook et al., 1989) using the primer pairs shown in Table 8.1. The
reactions were denatured at 94°C (1 minute), annealed at 60°C (2 minutes) and
extended at 72°C (3 minutes) for 30 cycles in a Biometra TRIO-BLOCK thermal
cycler. A PCR blank which included all reagents and RT blank template DNA was
run as a control. For each of the RNA samples, a control PCR which uses
untranscribed RNA as template was set up. After RT-PCR, 10 pi of the reaction
mixture from 6-actin PCR and 10 pi from MEF2D PCR of the same RNA sample
were mixed together and resolved on 5% non-denaturing polyacrylamide gels along
with molecular weight markers.
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In all experiments, the RT-PCR reagent blank was negative. Although PCR products
larger than the size expected for cDNA were detected following RT-PCR of all the
RNA samples, the same-sized products were not detected from the control PCR
reactions which used untranscribed RNA samples as templates, indicating that the
RNA samples used in these experiment were indeed free of contaminating genomic
DNA. The identity of both B-actin and MEF2D transcripts was confirmed by the
appropriate size of their PCR products (280 and 430 bp respectively).
Expression of B-actin (lower band) and MEF2D (upper band) in
tissues of chicken (1 week of age). From left to right: RT-PCR
blank, breast muscle, brain, liver, lung, ovary, kidney, and heart.
mRNA was reverse transcribed and amplified by PCR. Products
were resolved by 5% non-denaturing acrylamide gel.
Various tissues of chicken were investigated. As shown in the above figure,
transcripts of chicken MEF2D gene were detected in both muscle (breast muscle,
heart) and non-muscle (brain, liver, ovary) tissues of chicken (1 week). However,
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mRNA of chicken MEF2D was not detected in lung and kidney of one week old
chicken.
A summary of chicken MEF2D gene expression is given in Table 8.2.
Table 8.2 Summary and comparison of expression of MEF2D mRNA in one week
and six weeks old chickens (NT not investigated; +/-: expressed or unexpressed).
Detection of mRNA
Tissue 1 week 6 weeks
Leg Muscle + +







Our results indicate that chicken MEF2D mRNA is ubiquitously expressed in both
muscle and non-muscle tissues at different developmental stages. This mRNA
expression pattern resembles that of the human and the Xenopus MEF2D gene. These





9.1 Selection ofMicrosateltite Clones from Genomic DNA and cDNA
The copy numbers of microsatellites tend to increase with the haploid genome size in
Yeast, Drosophila Xenopus and mammalian species, with exception of the chicken
genome where the [CA/TG]n repeats are almost 10-fold less abundant than that found in
mammals. Therefore for whole genome studies, it is necessary to construct microsatellite-
enriched DNA libraries to provide sufficient microsatellite clones for screening.
In search of an efficient protocol for the rapid production of genomic libraries highly
enriched for microsatellites, the "genetic marker selection technique" (Ostrander et al.,
1992) was used with some modifications. With chicken genomic DNA, the percentage of
positive clones was 1.5% in the [CA/TG]n-enriched library, and 0.5% in a [CCT]n-
enriched genomic library. This was about a 12-fold enrichment in the [CA/TG]n-library
and 8-fold enrichment in the [CCT]n-library. However, further characterisation of the
selected clones by DNA sequencing revealed that several clones were highly-represented
in these libraries, reflecting a low complexity of the marker-selected libraries. This
phenomenon was also observed by other groups (e.g. Cheng and Crittenden, 1993).
To overcome these limitations of the "marker-selected libraries", a "PCR-based DNA
affinity hybridisation and capture procedure" was developed for the construction of
microsatellite-enriched DNA libraries. In this procedure, a 5'-biotinylated microsatellite
oligonucleotide is used to hybridise to heat-denatured [CA]n-containing genomic DNA
fragments. The heteroduplex molecules are physically captured and separated from the
non-hybridised DNA molecules using streptavidin-coated magnetic beads. With this
procedure, genomic libraries with up to 6% positive clones are obtained, which is about a
50-fold enrichment. This is a 4-fold increase over the marker-selected genomic library. A
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comparison of the results obtained for the "marker-selected" and the "DNA affinity
hybridisation-selected" libraries is given in Table 9.1.
Table 9.1 Comparison of the "genetic marker-selection" and the "DNA affinity
hybridisation" protocols
Items Compared Genetic marker DNA affinity
selection hybridization
Percentage of positive clones Low High
Complexity of the library Low High
Repeat motif length Short Long
Cloning steps involved 2 1
Amount of starting DNA Large Small
Manipulation Complicated Simple
DNA library generated with "DNA affinity hybridization" protocol has a higher
percentage and higher complexity of positive clones than those generated by "marker
selection" protocol. In addition, a very small amount of starting DNA is needed. Since all
manipulations of this protocol are performed in vitro , the reaction conditions can be
controlled more easily. Furthermore, only one cloning step is involved with the "DNA
affinity hybridization" protocol. It is clear from this comparison that the "DNA affinity
hybridisation" protocol provides a more efficient approach for the isolation of
microsatellite from the chicken genome. Very recently, two further protocols for
enriching microsatellites in genomic libraries have been reported (Armour et al., 1994;
Kandpal et al., 1994). These protocols are technically similar to the one developed in this
study, in which DNA affinity hybridisation/capture is used to select for microsatellite -
containing sequences. The difference lies in that, in Kandpal/Armour's methods, the
microsatellite oligo nucleotide motif is fixed onto a nylon filter membrane.
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The "DNA affinity hybridisation" protocol has provided an efficient way for enriching
microsatellites in DNA libraries. However, when this protocol was used in construction
of genomic or cDNA libraries, a number of shortcomings were found. In order to improve
the efficiency of microsatellite enriching, the "DNA affinity hybridisation" protocol may
subject to the following modifications .
A. Nearly 50% of the positive clones in our [CA/TG]n-enriched genomic library contains
[CA/TG]-rich sequences (TG-islands). Within these sequences, CA/TG repeats were
scattered throughout the DNA insert with frequent interruptions by unique sequences.
Construction of microsatellite-enriched DNA libraries using cDNA instead of genomic
DNA showed that such [CA/TG]-rich sequences were less frequent (13% of the total
positive clones). Therefore in the future, either different source of DNA should be used
(e.g. cDNA), or DNA pre-selection techniques could be introduced, e.g. DNA re-
association experiment or DNA subtractive hybridisation (Wang and Brown, 1991;
Lisitsyn et al., 1993) to eliminate such CA/TG-rich sequences.
B. In a proportion of the positive clones from the "DNA affinity hybridisation-selected"
library, the repeating microsatellite motifs are found at the extreme ends of the cloned
insert. Without further cloning experiments, it is difficult to design primers for PCR
amplification from these clones. DNA sonication, the technique used for random-
fractionation of high molecular weight genomic DNA in our experiments may be
responsible for the generation of such clones. Sonication is expected to break DNA at
random locations. In the future, it may be better to use frequent-cutting restriction
enzymes such as Alu I, Rsal and Haelll instead of sonication. The use of these
enzymes will avoid cleavage of DNA within the [CA/TG] repeat motif, increasing the
chances of generating suitable microsatellite clones (i.e. a repeat motif with sufficient
flanking sequence for primer design).
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C. In the current protocol, a single step of hybridisation and capture is used, which
yielded 5% positives in the enriched library. In the future, if two or more hybridisation
cycles are used, the proportion of non-specifically hybridised and captured DNA
molecules will be significantly reduced. Such a library is expected to further improve
the efficiency of large-scale isolation of microsatellites.
D. In the current protocol, oligo dT was used as the primer in the synthesis of first-strand
cDNA from mRNA. However, using random hexamers enables all transcribed regions
to be synthesized into cDNA. So microsatellites within all introns can be cloned
through this protocol. In the future, random priming with random hexamers should be
used in the generation of cDNA resource.
E. In the current protocol, two tandem repeat, a dinucleotide repeat (CA/TG) and a
trinucleotide repeat (CAG/CTG) are used. In the chicken genome, there are other
frequently distributed mono, di, tri, tetra and panta repeat motifs. Moran (1993) and
Beckman et al. (1992), in separate studies, have compared the frequencies of
microsatellite in pig, chicken, human and rat sequences found in the Genbank
database. It was revealed that although no significant difference was found in the
overall frequency of microsatellites in pig (13%) and chicken (10%), the distribution
between repeat classes is quite different. As summarised in Table 9.3, the most
pronounced difference is in the dinucleotide repeat category, especially the [CA/TG] n-
type dinucleotide repeats (Beckman and Weber, 1992; Moran, 1993). [A]n and
[CA/TG] n are the two most frequently distributed microsatellites in the chicken
genome. They are obviously good candidate repeats to start with in the construction of
microsatellite-enriched genomic or cDNA libraries.
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Table 9.3 Comparison of the observed frequency of microsatellite among different
eucaryotic genomes (Beckman etal., 1992; Moran, 1993)
Species Overall Dinucleotide [CA/TG]n Order of Abundance
(%)a Repeats (%)b (%)b
Chicken 10 12 0.9 [A]>[AC]
Pig 13 30 3.9 [A]>[AC]
Human - 28 19 [A]> [AC]> [AAAT]> [AG]> [AT]
Rat - 53 36 [AC]>[AG]>[A]>[AAAT]>[AAGG]
a: number of microsatellites/number of gene entries
b: number of dinucleotide repeats/total number of microsatellites
Since very small quantities of starting DNA are required, a potential application of this
approach is to construct chromosome-specific or region-specific microsatellite-enriched
DNA library from micro dissected chromosomes. For several reasons, it is profitable to
do so. First, with the accumulation of large numbers of microsatellites, continuing a
random approach for microsatellites isolation would become increasingly unproductive.
Second, in the later stages of genetic map construction, as the map reaches completion,
there will exist areas poorly covered by polymorphic markers. Third, one of the targets of
the human genome mapping project is to construct a high-resolution physical map in
order to facilitate positional-cloning of genes mapped by linkage analysis. Such a goal is
unlikely in livestock genomes. However, a local physical contig is more likely to be
generated in order to clone mapped genes. For example, if a gene or QTL with important
biological or economic value is mapped to a specific chromosome region, more markers
may be isolated from this region to make a detailed map of this region prior to the final
physical isolation of the gene.
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A frequently asked question is that how many microsatellite markers are needed for
chicken genome mapping ? The answer to this question varies depending on different
goals of the chicken genome project. There are two distinct goals: the detection of trait-
gene association and positional cloning of genes. Each goal demands different numbers
of microsatellite markers.
For the detection of trait-gene association and measurement of gene effects, the strategy
is a "whole genome analysis" (Todd et al., 1994). In principle, chromosome-specific sets
of microsatellite markers are used. These markers are evenly spaced throughout the
genome with an average interval of about 10 cM. These markers are used to search for
marker-trait associations in specific crosses. The total genetic size of the chicken genome
has been estimated to be 2000 to 3000 cM (Levin et al., 1994). Therefore to perform
whole genome analysis, approximately 200 evenly-spaced microsatellites are required to
produce an average space of 10 cM between markers. Microsatellites are unlikely to be
evenly dispersed throughout the chicken genome. For example, in isolating and mapping
human microsatellites, a proportion of the microsatellites were clustered in one or more
regions (Weissenbach et al., 1992). Therefore in practice, a minimum of 1000 random
microsatellites need to be mapped to allow one to identify 200 evenly spaced markers to
be used as index markers to facilitate such a whole genome analysis (Todd et al., 1994).
For map-based cloning of candidate genes for specific traits, a high-resolution genetic
linkage map (1 cM) and a high density physical map using YACs (1 marker/0.5-1.0 Mb)
are needed. Such a goal is unrealistic in chicken. An achievable target will be the
construction of high resolution genetic linkage maps and a local physical map once a
gene or QTL is mapped to a specific region. The number ofmarkers required will depend
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on the genetic distance between the two closest flanking markers, between which the
candidate gene is mapped.
Currently, eight collaborating groups (Europe and USA) are isolating microsatellite
markers for the chicken genome project. The development of the microsatellite-enriching
protocols for constructing microsatellite-enriched DNA libraries in this thesis will
facilitate the rapid isolation of large numbers of microsatellite markers for the chicken
genome mapping project.
9.2 Trait Gene Identification
One of the long-term goals of the chicken genome mapping project is to identify
individual genes which control a biological or economic trait e.g. production,
reproduction and health traits. Conventionally, two approaches have been used:
comparative mapping and positional cloning. The comparative mapping approach can be
used in chicken, but, the positional cloning approach seems unrealistic because of the
lack of high resolution physical maps in chicken. Instead, a whole genome analysis
approach is developed in the identification of trait genes in chicken.
9.2.1. Candidate gene identification via comparative mapping
Since the divergence of all the species from their common ancestor, the arrangements and
the number of chromosomes have changed due to the processes such as chromosome
translocations, insertion/deletions and fusions. However, it was often found chromosome
regions identical among different species in terms of gene loci. This is more common for
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species that share a recent ancestor. Table 9.4 shows examples of conserved syntenies
found among vertebrates (Burt, unpublished data). Since gene mapping in human and
mouse are more detailed and systematic than in other species, a comparison of the
human/mouse gene map with that of the chicken can lead to the proposal of candidate
genes within an homologous chromosome region.
Table 9.4 Homologous linkage groups in vertebrates
Locus Human Chick Cow Pig Sheep Mouse Rat
HBB 11 1-2 15 7 1
PGR 11 1 - - - 9 -
GAPD 12 1 5 - 3 6 -
LDHB 12 1 5 5 3 6 4
IGF1 12 1 5 5 3 10 7
LYZ 12 1 5 5 3 10 -
H1F4 12 1 - - - 13 -
ACTB 7 2 - - - 5 -
EGFR 7 2 - - - 11 14
CA2 8 2 14 - 9 3 -
CALB1 8 2 - - - 4 -
MYC 8 2 14 - 9 15 7
YES1 18 2 24 - - - 1
BCF2 18 2 - - 1
_
* Human locus symbols used; Human data taken from GDB (Sept 1994); Mouse data taken from MGD
(Release 1.0, Sept 1994); Chicken data taken from CHICKBASE (July 1994).
By screening the microsatellite-enriched genomic or cDNA libraries generated in this
study, an increasing number of microsatellite markers will be identified. This steady
accumulation of large numbers of both genomic and cDNA microsatellites in the chicken
allows one to use these microsatellites in the mapping of the other avian genomes. Recent
studies have tested the validity of using heterologous primers in mapping related species
(Moore et al., 1991; Stallings et al., 1991). This should be possible with poultry. A very
recent study shows that at least 50% of the chicken microsatellite markers can be used for
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genome mapping in the turkey (Levin et al., personal communication). This will not only
save the overall cost and time for developing microsatellite maps in these species, but
will also allow the transfer of mapping information from the map-rich species (e.g.
chicken) to the map-poor species (e.g. turkey).
More importantly, the cDNA microsatellites identified in this study represent expressed
genes, so that they can be classified as type I loci (conserved loci). The mapping of these
cDNA microsatellites will allow one to compare genetic maps between distantly related
species (e.g. human and chicken). Consequently, map information will be transferred
from the human genetic map to the chicken. Such a comparison of the genetic maps
between chicken and mammalian species may also lead to the identification of candidate
genes for a specific biological or economic trait in poultry.
9.2.2. Candidate gene identification via whole genome analysis
The goal of a whole genome analysis is the identification of chromosome regions (loci)
that control a specific biological phenotype or production trait. In the long term, the
chromosome region will have to be cloned to facilitate further characterisation of the
gene. There are two possible routes to follow: First, to construct a region-specific high
resolution genetic linkage map from the analysis of further markers and genetic crosses.
This map can be used to further define the location of the trait gene. The next step is to
use flanking markers to isolate YAC clones. A physical contig map made of overlapping
YAC and cosmid clones may then allow the identification of the genes within the region.
This is a very specified and targeted approach. Second, with the assigning of large
numbers of microsatellite-containing cDNA sequences to the mapped region, some of
these expressed sequences may be candidate genes for that mapped trait. Further
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investigations on other characteristics of these mapped expressed sequences, e.g.
expression patterns or possible functions, are required to test out this hypothesis.
Furthermore, the chance of finding a candidate gene may be increased by choosing
appropriate RNA sources. For example, to identify candidate genes responsible for
muscle development, a good RNA source to choose to make cDNA library is the muscle
satellite cells.
Microsatellites are highly polymorphic, and evenly distributed throughout the genome.
They are suitable for developing high-resolution genetic maps. Therefore these markers
are used in the "whole genome scanning" strategy to map chromosome regions that
control biological or economic traits. These markers can also be used in constructing high
density physical maps by simply ordering large-insert clones such as YACs or cosmid
clones. Once a high-resolution genetic map and a high-density physical map have been
developed, positional cloning can be conducted to 'walk' to the target chromosome
region.
Through comparative mapping and "whole genome scanning", a number of genes or
chromosome regions are identified. With the availability of these candidate genes for a
specific trait, further studies may focus on the comparison of their expression patterns,
gene structures and evolutionary conservation, sequence homology to known sequences
in the data bases, possible protein domains and the function of the protein, mutations and
function. These will test the "candidate gene" hypothesis. For example in tomato, a
candidate cDNA clone was mapped to the genomic region that confers resistance to a
pathogen, pseudomonas syringae pv.tomato. When susceptible tomato plants were
transformed with the cDNA, they were resistant to the pathogen, strongly implicating that
this cDNA clone is the disease resistant gene. Analysis of the amino acid sequence
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revealed similarity to serine-threonine protein kinases (Martin and Brommonschenkel et
al., 1993).
9.2.3. Other strategiesfor identification ofcandidate genes
Trapping of candidate genes that control monogenic or polygenic traits can also be
facilitated by randomly isolating and mapping large numbers of expressed sequences
(cDNA).
A. Expressed sequences are conserved loci. They can be used in comparative mapping
between distantly-related species (e.g. human/mouse and chicken) together with cloned
genes.
B. Expressed sequences can also be used directly as additional markers to map onto the
chromosome region identified by the "whole genome scanning" process using specific
line crosses. If the established linkage data for a particular trait or disease condition
implicates a specific chromosomal region, the availability of several cDNAs known to
map to that region would provide a number of candidate genes for that trait or disease.
For example, the Wilson disease (WD) in human was mapped to a single marker
interval at 13q 14.3 (Petrukhin et al., 1993). Recently, a partial cDNA clone (pWD)
was also mapped to this region (Tanzi et al., 1993). Detailed analysis of the predicted
functional properties of the pWD gene and the identification of four independent
disease-specific mutations provide convincing evidence that pWD is the Wilson
disease gene.
The current strategies used to map expressed sequences are: (1) RFLP analysis of
genomic DNA using anonymous expressed sequences as probes (Bumstead and Palyga,
1992); (2) generation and analysis of expressed sequence tags (ESTs) (Wilcox et al.,
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1991). Both methods have been successful, in particular, the "expressed sequence tag"
approach, since the PCR technique has been integrated in the method. However, the
shortcomings with these methods are slow and high cost.
To identify candidate genes for physiological and production traits, large numbers of
expressed sequences have to be mapped. This demands a fast method for mapping
expressed sequences. Isolating microsatellite-containing cDNA and use of the
microsatellites to map these expressed sequences is a potential approach.
We have constructed a [CA/TG]n-enriched cDNA library using the DNA affinity
hybridisation and capture method developed for genomic DNA sequences. Screening of
the library has shown that [CA/TG]n microsatellites exist in a wide variety of expressed
sequences. Most of these [CA/TG]n microsatellites are located in either the 5' or 3'
untranslated regions. However, we have evidence from the alignment of hFMRl and
contig CA003, PLT and contig CA023 DNA sequences, to argue that some of these
microsatellites may come from introns, which may be due to the presence of some pre-
processed RNA in the mRNA preparations.
Whatever their locations within genes, these cDNA microsatellites, in contrast to the
genomic microsatellites which represent anonymous sequences of unknown function,
represent expressed genes. Therefore, these cDNA microsatellites have various potential
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9.3 Characterization ofHomologous Genes
Nucleotide sequencing of cDNA clones has generated a large number of random
sequences. This nucleotide sequence information of the microsatellite-containing cDNAs
can be used to perform database similarity searches using BLASTX, BLASTN, FASTA
programs to detect homologous sequences. Using this strategy, we have defined 4
chicken homologues of known human genes and a further 4 sequences related to other
genes in other species, e.g. human, yeast and E. coli. This strategy has made it possible
to link yeast and mammalian genetics to the chicken genome via identification and
mapping of the chicken homologues.
9.3.1. The Chicken Homologue ofHuman Fragile XMental Retardation Syndrome Gene
(FMR1)
A partial cDNA fragment (CA003) was cloned by screening a [CA/TG]n microsatellite-
enriched liver cDNA library. A non-redundant database similarity search using the
BLASTX program showed that this partial cDNA fragment is homologous to the human
fragile X mental retardation syndrome gene, hFMRl. DNA sequence comparison
between hFMRl and CA003 revealed a sequence similarity of 85% over a 176 bp DNA
region.
The cDNA fragment, CAG003, consists of 537 bp. In examination of the sequence
alignment of CAG003 and hFMR, and the sequences at the last intron-exon border region
of hFMRl gene, it was found that CAG003 can be divided into two parts. The region
between nucleotide 362 and 537 corresponds to exon XVII of hFMRl, whereas the first
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362 nucleotides of the fragment is located in the last intron. This is an indication that
CAG003 was cloned from an unprocessed mRNA.
A [CA/TG]i4 microsatellite is found 208 bp upstream of the determined intron-exon
border in the cloned partial chicken FMR1 gene. The identification of such a
microsatellite will provide a polymorphic marker to rapidly map this FMR1 gene onto the
current chicken genetic groups.
Southern hybridisation using human FMR1 probe to screen the DNAs from a number of
different species including Chimpanzee, Gorilla, Rhesus, Chicken, Drosophila,
Nematode and Yeast has revealed extensive cross-species conservation of this gene
except in Drosophila (Verkerk et al., 1991). Such a high cross-species conservation
suggest that FMR1 gene plays an important role in vivo. Indeed, studies have shown that
the murine FMR1 gene was transcribed in a ubiquitous manner with an expression pattern
similar to glyceraldehyde phosphate dehydrogenase (GAPDH) with an enhanced
expression during germ cell proliferation (Bachner et al., 1993). In human, FMR1 is
found transcribed widely during development (Hanzlik et al., 1993).
A further question to be addressed is what actual role does the FMR1 protein play in vivo
? Two recent studies have reported the identification of two domains within the FMR1
protein by amino acid sequence comparison, the RGG and KH domains which are usually
found in the family of RNA binding proteins (Siomi et al., 1993; Ashley et al., 1993;
Burd and Dreyfuss, 1994). In these studies, the FMR1 protein was found bound to a wide
range of RNA molecules including its own message. These results suggest that the
protein product of the FMR1 gene may serve to transport and localise RNAs.
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The cDNA fragment, AC003, obtained in this study could be used as a probe to screen a
chicken genomic or cDNA library to isolate the complete genomic or cDNA clone for
chicken FMR1. Then nucleotide sequence and amino acid sequence comparisons can be
made between chicken and other species. This will lead to the identification of conserved
motifs within the gene and protein, and confirm our conclusion that CA003 is the chicken
FMR1 homologue.
The [CA/TG]i4 microsatellite identified within the last intron of the chicken FMR1 gene
can be used as a genetic marker. Based on the mapping resource populations (East
Lancing and Compton), the chicken FMR1 gene should be rapidly assigned to the current
genetic linkage map.
9.3.2. The Chicken Homologue ofMouse NBL4
Several proteins contain the domain homologous to the N-terminal half of the "Band 4.1"
protein and form a superfamily. The members of this family are thought to play crucial
roles in the regulation of cytoskeleton-plasma membrane interaction (Takeuchi et al.,
1994). A non-redundant database search using the BLASTX program has detected
sequence homology between MMNBL4 and chicken cDNA sequence, CA011.
MMNBL4 and CA011 have a sequence similarity of 72% over a 377 bp DNA.
Examination of the sequence alignment of CA011 and MMNBL4, a number of base
substitutions and deletion/insertions are found. In checking the original sequence, it was
confirmed that these are not due to sequencing errors. Such deletion/insertions will cause
frame shifts in the coding region. Moreover, a stop codon is found at the end of the open
reading frame of MMNBL4, while stop codons are frequently located within the 3'
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untranslated region in all three reading frames. Together, these observations suggest that
the homologous region between CA011 and MMNBL4 is highly unlikely to be translated.
This conclusion is in agreement with the result of a recent study (Takeuchi et al., 1994).
The deduced amino acid sequence of NBL4 revealed a myristorylation site, as well as
phosphorylation sites for A-kinases in its N-terminal half, suggesting its involvement in
the phosphorylation-dependent regulation of cellular events.
In this study it is found that as high as 72% DNA sequence homology is seen between the
chicken cDNA clone, CA011, and the 3' untranslated region of MMNBL4. This high
level of homology in the 3' untranslated region between mouse and chicken strongly
suggests that this region is very important. Possibly it may be involved in the
maintenance of NBL4 mRNA stability and/or translational control of the expression of
the NBL4 gene. For example, Aly et al. (1994) observed that the 3' untranslated region of
a heat-shock protein gene in Leishmania , hsp83, is involved in the temperature-
dependent degradation of its mRNA. It is possible that this region may form some
secondary structures, since DNA sequence homology between chicken and mouse
homologues is seen in a long region of the 3' untranslated region. Further studies are
needed to test this hypothesis.
For a better understanding of the functions of NBL4 and other member of the "Band 4.1"
superfamily, it would be necessary to clone the full length cDNA of the chicken NBL4.
The cDNA clone identified in this experiment, CA011, can be used as probe. This will
allow a full sequence comparison between the mouse NBL4 and its chicken homologue
which may lead to the highlight of some conserved motifs.
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A sequence comparison between the mouse and chicken NBL4 whole cDNA will be able
to define limits of the sequence homology. For example, whether the similar sequence
homology exists in the coding region or only the 3' untranslated region? It is interesting
to see whether this conserved region is a 3'UTR regulatory sequence present in many
other genes?
9.3.3. The chicken homologue ofhuman PLT
Non-redundant database search using the BLASTX program showed that cNDA clone
CA023 is homologous to a human sequence, hPLT. Sequence comparison revealed a
sequence similarity of 69% over a 130 bp DNA. hPLT is a functionally-unknown human
gene containing the long terminal repeat (LTR) of the RTVL-H family of human
endogenous retroviral-like elements (Goodchild et al., 1992).
Examination of the sequence alignment between hPLT and CA023 detects sequence
homology between nucleotide 211 and 340 in CA023, and the corresponding region in
the human PLT. However, there is no significant sequence homology with CA023 from
nucleotide 1 to 210. Further examination of the conserved boundary reveals a possible
consensus splice acceptor site with the CA023. This again suggests the cloning of a pre-
processed mRNA.
Within the intron region identified, a [CA/TG]i4 microsatellite is located 209 bp
upstream of the intron-exon border. This microsatellite can be used as polymorphic
marker to map the chicken PLT gene into genetic linkage map
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9.4 [CAG/CTGJn Trinucleotide Repeat and Transcriptional Factors
The original purpose of constructing microsatellite-enriched DNA libraries is to provide
better resources for screening, in order to improve the efficiency of isolation of
microsatellite markers. However, recently, a number of interesting studies showed that
[CAG/CTG] n trinucleotide repeats were frequently associated with transcriptional factors
or other developmentally important genes.
Homopolymeric stretches of amino acids are found in an increasing number of proteins
(Chamberlain et al., 1994). Gerber et al. (1994) searched the Swiss-Prot protein database
for polymeric stretches of at least 20 glutamines (Q) and 10 prolines (P). He found 33 out
of the 40 top-scoring proteins having polymeric glutamine stretches (82%) were
transcription factors. Similarly, out of the 44 top scoring proteins bearing a poly-proline
stretch, 34 (78%) were thought to be transcriptional factors. A selection of the
transcriptional factors found was shown in Table 9.5.
The existence of poly-glutamine tracts in a proportion of transcriptional factors indicates
that they may be important to the function of these transcriptional factors. Based on a
protein fusion experiment, Seipel and colleagues proposed that the glutamine-rich domain
acts as "Proximal" activation domain (Seipel et al., 1992). Poly-glutamine or glutamine-
rich stretch is usually used to contact components of the general transcriptional apparatus.
A possible explanation is that glutamine stretch or glutamine-rich domain is rarely
charged, and is hydrophobic. Such structure properties may favour the attachment of
transcription factor to cis-acting elements and interaction with other proteins (Duboule et
al., 1987). Another possibility is that the amide moieties of the glutamine side chains are
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involved in hydrogen bonding to RNA polymerase or some other components of the
general transcriptional machinery (Courey and Tjian, 1988).
Table 9.5 Transcriptional factors with polymeric glutamines found in the Swiss-Prot
protein database (Yu etal., 1992; Breitbart etal., 1993; Gerber etal., 1994)
Length of Q within Organism
Transcription Factors Q-stretch Stretch
(residues) (%)
Myocyte enhancer factor 2D 40 62 Human
Embryonic polarity dorsal protein 34 86 Drosophila
Androgen receptor 21 100 Human
Transcription protein GAL11 23 100 Yeast
Nuclear protein SNF5 37 100 Yeast
TATA binding protein (TBP) 38 100 Human
Transcriptional activator DAL81 22 95 Yeast
Grainy head 23 96 Drosophila
Hunchback protein 24 96 Drosophila
Huntingtin 11-34 100 Human
Glucocorticoid receptor (GR) 22 96 Rat
Suppresser 2 of Zeste protein 26 96 Drosophila
Neurogenic protein mastermind 20 95 Drosophila
Antennapedia homeotic protein 29 76 Drosophila
Neurogenic locus Notch protein 31 97 Drosophila
Octamer transcription factor N-OCT3 25 96 Human
Homeotic sex combs reduced (SCR) 20 80 Drosophila
Poly-glutamine tracts are encoded by repetition of the codon [CAX] (X=A, G), forming a
trinucleotide repeat (microsatellite). Theoretically, if a [CAG]n triplet is used to construct
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a [CAG]-enriched cDNA library, a proportion of the positive clones should be chicken
transcriptional factors. Using this strategy, we have obtained 7 [CAX] n-containing cDNA
sequences by screening a [CAG]n-enriched chicken liver cDNA library. CAG001 and
CAG007 contain a single run of 43 and 37 [CAX] repeats, respectively. CAG009,
CAG015 and CAG020 contain complex triplet repeats, in which the [CAX]n repeat is
interrupted by other trinucleotides. In CAG018 and CAG019, the [CAX] trinucleotides
are scattered along the whole cDNA sequence. In an examination of the nucleotide
composition of these triplet cDNA sequences, we found that, the first two nucleotides
within each repeat unit remains constant, whereas the third nucleotide could either be A
or G. These results indicate that this sequences are under natural selection.
CAG001 is a 567 bp chicken cDNA fragment. This partial cDNA contains a contiguous
stretch of 43 [CAX] trinucleotide repeats (X=A or G). A non-redundant database
similarity search using the BLASTX program indicates that this partial cDNA is
homologous to the human myocyte enhancer factor 2D (MEF2D).
Myocyte enhancer factor 2 (MEF2) was originally identified from muscle nuclear
extracts. It binds the A/T-rich sequence motif in a number of muscle-specific enhancers
and promoters to modify the expression of these genes.(Martin et al., 1993; Yu et al.,
1992; Gossett et al., 1989). Various MEF2 factors and their corresponding cDNAs have
been cloned in both human and other species (Martin et al., 1993; Chambers et al., 1992;
Yu et al., 1992; Pollock et al., 1991; McDermott et al., 1993). Multiple isoforms of
human MEF2 proteins are the products of at least four genes, hMEF2A, hMEF2B,
hMEF2C and hMEF2D. Characteristically, all the factors have two DNA binding
domains at the N-terminus of their proteins, the MADS domain and the MEF2-specific
domain. These factors therefore comprise a gene family, termed the MEF2 family. Since
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all these factor share a highly conserved MADS domain with a number of homeotic
genes in plants and yeast, they also belong to the MADS super family.
9.4.1 The poly-(Q/P) tract is a potential transcriptional activation domain
Poly-glutamine/proline tracts are found in a large proportion of the transcriptional factors
(see introduction). Experimental evidence suggests that these poly-(Q/P) tracts might act
as transcriptional activation domains (Gerber etal., 1994).
We have examined the poly-[CAX] tract in the cloned partial chicken MEF2D cDNA,
and found that the first two nucleotides within each repeat units remain constant, whereas
the third nucleotide is either A or G. However this change will not result in an amino acid
difference, since both CAA and CAG code for a glutamine residue.
We have also compared the poly-(Q) tract and its flanking regions in the chicken MEF2D
partial peptide sequence with that of the human MEF2D peptide. As shown in Figure 6.7,
within the poly-(Q) tract we find a deletion/insertion of 2 glutamine residues and a point
mutation (Q to S), whilst the rest of the poly-(Q) tract remains highly conserved. One
striking observation is that in chicken, the poly-(Q) tract is uninterrupted, whereas in
human it is a mixture of Q and P. This suggest that glutamine and proline residues are
inter-changeable, assuming that MEF2D proteins have identical functions in chicken and
human. High conservation is also seen at the 5' flanking region of the poly-(Q) tract.
Given that chicken and human have diverged from a common ancestor about 300 million
years ago, our results suggest that the poly-(Q/P) tract and its 5' flanking region may be
important in the function of these genes: possibly as transcriptional activation/inhibition
domain as suggested in previous studies (Gerber et al., 1994; Chamberlain et al., 1994).
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9.4.2. The [CAX]n triplet in the MEF2D gene is a mutation "hot spot"
A large number of studies have shown that microsatellites are highly-unstable sequence
elements. In human, seven neurodisorders have been correlated with the dynamic
expansion of triplet repeats within the corresponding genes.
A contiguous run of 43 glutamine residues is found near the C-terminus of the chicken
MEF2D partial peptide sequence. Similar elements are also found in human and Xenopus
MEF2D peptide sequences. As shown in Figure 6.7, while the flanking amino acid
sequences remain highly conserved, there are differences within the poly-glutamine
element. A deletion/insertion of 2 glutamine residues had occurred since the divergence
of the chicken and the human MEF2D genes. More changes are seen with Xenopus : a
deletion/insertion of 29 glutamine or proline residues, together with several point
mutations. These results strongly support the hypothesis that trinucleotide repeats in
genes are undergoing dynamic mutations which lead to deletions or insertions.
9.4.3. Ubiquitous expression ofMEF2D mRNA in Chicken Tissues
Previous studies have shown that the mRNA of both the human MEF2D gene and its
Xenopus homologue, SF-1, was ubiquitously expressed in a wide variety of tissues (Yu
et al., 1992; Breibart et al., 1993). We have investigated the pattern of expression of the
chicken MEF2D gene using RT-PCR. A comparison of the expression patterns of the
human, Xenopus and chicken MEF2D mRNA is summarised in Table 9.7.
Our investigations show that the chicken MEF2D mRNA is also ubiquitously expressed
in both muscle (e.g. leg muscle, breast muscle and heart) and non-muscle (liver, ovary,
brain and kidney) tissues. This expression pattern is consistent with that found in human
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and Xenopus . Although post-transcriptional regulation might be important in the
generation of tissue-specific activity for the MEF2D gene, the ubiquitous pattern of
expression of human, chicken and Xenopus mRNA suggests that it may play a "house¬
keeping" role in vivo.
Table 9.7 Comparison of the expression patterns of human, Xenopus and chicken
MEF2D mRNA.
Chicken Human Xenopus
Heart + + +
Skeletal Muscle + + +
Brain + + +
Liver + - +
Kidney +/- - +
Ovary + ND +
Lung - + ND
Placenta ND + ND
Spleen ND ND +
Stomach ND ND +
ND, Not done; +, expressed; -, unexpressed.
Similar to MEF2D, the mRNA of both human MEF2A and its Xenopus homologue, SL-
2, also display a ubiquitous expression pattern (Yu et al., 1992). However, in contrast to
the MEF2A and MEF2D genes, MEF2B and MEF2C showed a restricted expression
pattern. Their mRNA was largely restricted to skeletal muscle and brain (McDermott et
al., 1993). This difference is also reflected in their amino acid sequence. For example, a
highly conserved poly(Q/P) tract is found in both MEF2A and MEF2D gene, but not in
MEF2B and MEF2C gene. Previous studies showed that these poly-(Q/P) elements might
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function as "Proximal" activation domain which might allow efficient channelling of an
enhancer effect to a responsive promoter (Seipel et al., 1992).
9.4.4. Further studies
Based on the initial work on the MEF2 gene family reported in the thesis, the following
areas are interesting for further investigations.
A. Identifying and cloning other members of the MEF2 family. The cDNA fragment
obtained in this experiment, CAG001, can be used as probe to clone its full length
cDNA. Further sequence comparison will verify the MEF2D homology in the rest of
the protein. A full length sequence will allow identification and comparison of the
promoter sequences of the gene. cDNA probes can be designed across the conserved
MADS-domain or the MEF2-domain region and used to probe cDNA libraries to pull
out other members of the MEF2D family. A genomic southern blot can be done using
the cloned MEF2D gene cDNA as probe to determine how many genes within the
MEF2 gene family exist in the chicken genome. With the availability of mapping
crosses, the isolated genes could also be mapped onto individual chromosomes or in
linkage groups.
B. Detailed investigation of expression patterns. In this study, gene expression of the
chicken MEF2D gene was only looked at the mRNA level. Since post-transcriptional
regulation has been demonstrated to be important in the generation of tissue-specific
MEF2 activity, it is necessary to investigate the protein of these genes by
immunohistochemical assays prior to defining functions for these genes.
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C. Gene regulation studies. With the cloning of the chicken MEF2 genes, in vitro gene
expression studies using reporter genes could then be performed to study expression
regulation for these genes.
When the sequences of clones CAG007, CAG009, CAG015, CAG018, CAG019 and
CAG020 were used in database searches, no homologous genes were identified. To
predict whether these undefined [CAX]n-containing cDNAs have any coding potential,
we analysed these sequences using GRAIL 1 (Gene Recognition and Analysis Internet
Link) (Uberbacher and Mural, 1991). All of the sequences analysed were predicted to
contain long open reading frames (ORF). Potential exons have been recognised in these
sequences with a quality score of 'good' or 'excellent'. These results indicate that the
[CAX]n-containing cDNA sequences obtained in our study are probably parts of the
coding regions of their corresponding genes. Since no sequence homology has been
detected in the current databases, it is highly likely that these clones may represent novel
[CAX]n triplet-containing genes. Previous studies showed that "opa"-containing genes are
differentially regulated during development and probably encode transcriptional factors
(Wharton et al., 1985; Gerber et al., 1994). Based on these results, we propose the
[CAX]-containing cDNA clones identified in our study may belong to genes that encode
transcriptional factors or other developmentally important genes. Further investigations
can be carried out in the following areas:
A. Cloning and characterisation of the whole cDNA. The "opa" element-containing
clones obtained in our experiments are all potentially located within coding regions of
genes. To further understand the function of these genes, cloning of full length cDNAs
and determination of their structure are essential.
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B. Identification and cloning of novel triplet-containing genes. In order to isolate more
opa-containing genes, different sources of chicken mRNA could be screened, e.g.
brain, muscle, and ovary. Alternatively, mRNA of a tissue or whole embryo at
different developmental stages could be screened. These will lead to the identification
of a large number of potential developmentally-regulated genes or tissue-specific
transcription factors.
C. Investigation of expression. Northern blotting or RT-PCR could be used to test if the
genes are actually transcribed. If they are transcribed, it will be interesting to see where
and when and what kind of role they play in vivo.
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